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HUMAN INTERFERON-RELATED PEPTIDES,
ANTIGENS, ANTIBODIES AND PROCESS FOR
PREPARING THE SAME

The present invention relates to human interferon-a
and -8 related peptides and derivatives thereof, process
for preparing antigens and antibodies prepared by using
said peptides, as well as immobilized said antibodies,
used for affinity chromatography, and to novel method
for assaying human interferon-a and -f3.

In the present specification, amino acids, peptides,
protecting groups active groups etc. are illustrated by
abbreviations and symbols defined under the provisions
of IUPAC (International Union of Pure and Applied
Chemistry) and of IUB (International Union of Bio-
chemistry, or by symbols commonly used in the art. In
connection with optical isomers of amino acids, 1-form
(levo-form) of the isomers are generally mentioned
unles otherwise noticed. Examples of such abbrevia-
tions and symbols are shown as follows:

Leu: Leucine

lle: Isoleucine

Ala: Alanine

Gln: Glutamine

Thr: Threonine

His: Histidine

Ser: Serine

Gly: Glycine

Asn: Asparagine

Met: Methionine

Phe: Phenylalanine

Tyr: Tyrosine |

Glu: Glutamic acid

Lys: Lysine

Arg: Arginine

Asp: Aspartic acid

Pro: Proline

OBzl: Benzyloxy group

NHS: N-Hydroxysuccinimido group

Z: Carbobenzoxy group

Su: Succinimido group

Tos: p-Toluenesuifonyl group

Boc: tert-Butoxycarbonyl group

An interferon is a glycoprotein or a protein, having
antiviral activity, which is released by cell in response
to viral infection, and it is believed that diseases caused
by viral infections can be prevented and cured by ad-

ministering interferon, for this reason interferon has the
attention in recent years.

Human interferons known today are classified into
three types, i.e., interferon-a (Leucocytes interferon,
Lymphoblastoid interferon), interferon-8 (Fibroblast
interferon) and interferon-y (Immune interferon). How-
ever, there have not been developed any technology for
purifying interferon to obtain the respective ingredients
in the form of a single gycoprotein or protein.

BRIEF EXPLANATION OF THE DRAWINGS

FIGS. 1 and 2 show curves indicating the specificity
of the human interferon-a antibody obtained according
to the present invention.

FIGS. 3 and 4 show curves indicating the specificity
of the human interferon-8 antibody obtained accordin g
to the present invention.

FIG. 5 shows curves indicating the relationship be-
tween the concentration of the Ist to 13th peptide chain
of human interferon-8 and the relative bound percent-
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age (%) with respect to the human interferon-8 anti-
body obtained according to the present invention.

FIGS. 6 to 10 show the calibration curves in fluores-
cence polarization immunoassay system according to
the present invention.

An object of the present invention is to provide novel
antibodies which can be used for the technology in
purifying and separating human interferon-a, espe-
cially, lymphoblastoid interferon, or human interferon-
B.

Another object of the present invention is to provide
antigens for preparing said antibodies.

Further object of the present invention is to provide
a method for obtaining haptens suitable for preparing
said antigens.

Yet, further object of the present invention is to pro-
vide a novel method for assaying human interferon-a
and -B by using said antigens and antibodies.

As the results of extensive research works, the pres-
ent inventors have found the facts that novel antigens of
human interferon-a or -8 can be prepared by using a
novel N-terminal peptide or C-terminal peptide of
human lymphoblastoid interferon, or by using a novel
N-terminal peptide of human interferon-8, said novel
N-terminal peptide and C-terminal peptide were newly
synthesized by the present inventors; and novel antibod-
les having specificites to human interferon-a or -8 can
be prepared by using said antigens; further the objective
human interferon-a or -8 can be purified by an affinity
chromatography in using said novel antibodies; and
assay of human interferon-a or -8 can be carried out by
ustng said novel antigens and novel antibodies.

The present invention was completed by the above-
mentioned newly found knowledges, thus according to
the present invention, said antibodies having specificit-
1es to human interferon-a or -8, which are useful for
purifying and for assaying the interferon can advanta-
geously be prepared in an industrial scale by using the
synthetic peptides which can easily be manufactured in
large scale. Thus the present invention establishes new
technologies in purification and assay system of human
interferon-a and -8.

Novel synthetic peptide obtained by the present in-
vention Is a synthetic peptide selected from the group

consisting of a peptide represented by the general for-
mula (1),

R!-Leu-lle-Leu-Leu-Ala-GIn-OH (1)
[Wherein Rlis a hydrogen atom, a group of the formula
H-Thr-His-Ser-Leu-Gly-Asn-Arg-Arg-Ala-, a group of
the formula H-Ser-Asp-Leu-Pro-Gln-Thr-His-Ser-Leu-
Gly-Asn-Arg-Arg-Ala- or a group of the formula H-
Tyr-Ser-Asp-Leu-Pro-Glin-Thr-His-Ser-Leu-Gly-Asn-
Arg-Arg-Ala-]; a peptide represented by the general
formula (2),

Rz-Glu-Ser-Leu-Ar_g-Ser-Lys-Glu-OH (2)
[wherein R?is a hydrogen atom, a group of the formula
H-Thr-Asn-Leu-Gln-, a group of the formula H-Ser-
Leu-Ser-Thr-Asn-Leu-Gln-, a group of the formula
H-Tyr-Ser-Leu-Ser-Thr-Asn-Leu-Gln-]; and a peptide
represented by the general formula (3),

R3-Leu-Gln-Arg-Ser-Ser-OH (3)
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3
[wherein R3is a hydrogen atom, a group of the formula
H-Phe-, a group of the formula H-Leu-Gly-Phe-, a
group of the formula H-Tyr-Asn-Leu-Leu-Gly-Phe- or
a group of the formula H-Met-Ser-Tyr-Asn-Leu-Leu-
Gly-Phe-], thus said novel synthetic peptide is a peptide
corresponding to N-terminal peptide of human lympho-

blastoid interferon or derivative thereof [a peptide rep-
resented by the general formula (1)], a peptide corre-

sponding to C-terminal peptide of human lymphoblas-
toid interferon or derivative thereof [a peptide repre-
sented by the general formula (2)] or a peptide corre-
sponding to N-terminal peptide of human interferon-g
or derivative thereof [a peptide represented by the gen-
eral formula (3)}.

Any one of the said synthetic peptides can easily be
prepared by using amino acids which are commercially
available and by a simple method. Said synthetic pep-
tide has the specific amino acid arrangement, so that
from a peptide represented by the general formula (1) or
from a peptide represented by the general formula (2)
an antigen having a clear cognition site for identifying
human interferon-a, and from a peptide represented by
the general formula (3) an antigen having a clear cogni-
tion site for identifying human interferon-8, as well as
an antibody having high selectivity can be prepared in a
large scale. Furthermore, an antibody having high spec-
ificity to human interferon-a or -3 can be obtained more
stably in a large scale by using the antigen prepared
from the above-mentioned synthetic peptide as a hap-
ten, than by using a natural interferon-a or interferon-g.

Novel synthetic peptide according to the present
invention can be prepared by a method commonly used
in synthesizing a peptide, specifically, for example, a
method as described in ‘“The Peptides”, Volume 1,
(1966), by Schroder and Luhke, Academic Press, New
York, U.S.A.,, or in “PEPTIDE GOSEI” (Synthesis of
peptide), by Izumiya et al., Maruzen and Co., Ltd.
(1975). Such methods are exemplified as azide method,
chloride method, acid anhydride method, mixed anhy-
dride method, dicyclohexylcarbodiimide (DCC)
method, active ester method (p-nitrophenyl ester
method, N-hydroxysuccinimidoester method, cyano-
methyl ester method and the like), a method using
Woodward’s reagent K, carbodiimidazole method,
oxidation-reduction method, DDC/additive [N-
hydroxy-5-norbornen-2,3-dicarboxyimide (HONB),
1-hydroxybenzotriazole (HOBt), N-hydroxysuccini-
mide (HOSu)] method and the like. In carrying out the
above-mentioned methods, both solid phase synthetic
method and liquid phase synthetic method can be ap-
plied, and the liquid phase synthetic method 1s pre-
ferred.

Novel synthetic peptide of the present invention is
prepared by a conventional method for synthesizing a
polypeptide as mentioned above, for example, by a
so-called *‘stepwise”, thus by condensing an amino acid
step by step with the terminal amino acid in the peptide,
or by coupling peptides divided into several fragments.
More particularly, said peptide is prepared by condens-
ing a starting material having reactive carboxyl group
corresponding to one fragment being divided into two
portions at the desired position, with another starting
material having reactive amino group corresponding to
another fragment by a method commonly used in pep-
tide synthesis. When the condensed product thus ob-
tained having protecting group, the desired peptide can
be prepared by removing the protecting group by a
common method. When using aspartic acid, lysine or
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arginine in the reaction step for preparing peptide of the
present invention, said amino acid may preferably be
protected by protecting group, in the final step of such
case, generally the entire protecting groups are re-
moved from the protected peptide in which at least one

consitutional amino acid residual group is protected.
In reaction steps for synthesizing peptides of the pres-
ent invention, any functional group which should not be

related to the synthesizing reaction is generally pro-
tected with protecting group, and the protecting group
is removed from the protected group after the reaction.
Furthermore, a functional group participating to the
reaction is generally activated. Methods for carrying
out said reactions are known and reagents used for the
reactions can be selected from those known in the art.

As to the protecting group for amino group, there are
exemplified carbobenzoxy group, tert-butyloxycarbo-
nyl group, tert-amyloxycarbonyl group, isobornylox-
ycarbonyl group, p-methoxybenzyloxycarbonyl group,
2-chlorobenzyloxycarbonyl group, adamantyloxycar-
bonyl group, trifluoroacetyl group, phthalyl group,
formyl group, o-nitrophenylsulfenyl group, diphenyl-
phosphinothioyl group and the like.

As to the protecting group for carboxyl group, there
are exemplified an alkyl ester (such as an ester group of
methyl, ethyl, propyl, butyl, tert-butyl or the like), a
benzyl ester, a p-nitrobenzyl ester, a p-methoxybenzyl
ester, a p-chlorobenzyl ester, a benzhydryl ester, car-
bobenzoxyhydrazide, tert-butyloxycarbonylhydrazide,
tritylhydrazide and the like.

As to the protecting group for guanidino group of
arginine, there are exemplified nitro group, tosyl group,
p-methoxybenzenesulfonyl  group, carbobenzoxy
group, isobornyloxycarbonyl group, adamantyloxycar-
bonyl group and the like. Further, said guanidino group
may be protected in the form of a salt, with a suitable
acid, such as benzenesulfonic acid, toluenesulfonic acid,
hydrochloric acid or sulfuric acid.

The hydroxy group of threonine and of serine may be
protected by for example esterification or etherification,
if necessary. As to the protecting group suitable for
such esterification, there are exemplified a lower alkan-
oyl group such as acetyl group, an aroyl group such as
benzoyl group, a group derived from carbonic acid |
such as benzoyloxycarbonyl group, ethyloxycarbonyl
group and the like. As to the protecting group suitable
for such etherification, there are exemplified benzyl
group, tetrahydropyranyl group, tert-butyl group and
the like.

Methionine may be protected in the form of sulfox-
ide.

As to the activated carboxyl group, a corresponding
acid chloride, acid anhydride or mixed anhydride, az-
ide, an activated ester (an ester of methyl alcohol, ethyl
alcohol, benzyl alcohol, pentachlorophenol, p-nitro-
phenol, N-hydroxysuccinimide, N-hydroxybenzo-
triazole  N-hydroxy-S-norbornen-2,3-dicarboxyimide
and the like) and the like.

The peptide linkage formation reaction can be carried
out in the presence of a condensing agent for example a

carbodiimide reagent such as dicyclohexylcarbodi-

imide, carbodiimidazole or the like, or tetraethylpyro-
phosphite or the like.
Novel synthetic peptide of the present invention is

prepared specifically by any one of the methods (A)-(C)
as mentioned below:



Method A [Process for preparing a peptide represented
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by the general formula (1)]

A-(D: In case when R! is a hydrogen atom.

A—Ala—B (2)

\LH—GIH"-OH | (3)

A=-Ala=—GIln—0OH 4)

<

H—Ala=—GIn—0OH (5)

A=—Leu—B . (6)

<

A=—Leu—Ala—GIln—0OH (1)

<

H—Leu—Ala~GIn—OH (8

A

A—Lev—B (6

<

A=Leu=Leu—Ala=Gin—0OH (9)

<

H—Leu=—Leu=Ala~Gin—QH (10)

A=—I]le=~B (1)

<—

A=]le~Leu=—Leu—Ala=—Gin=0QH (12)

<—

H—Ile—Leu—Leu-Ala-fGln—DH (13)

A==Leu—B (6)

<—

A=Leu=]le=Leu=—Leu=—Ala—Gin—0OH

<

H~—Leu=—]le—=Leu=Leu—Ala=—Gln=—0OH

A-(I1): In case when R!is a group of the formula

H—Thr—His«Ser==Ley==Gln==Asn=Ar

wo A 1

(14)

(15)

w— Al -,
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6

-continued

Method A [Proceé.s for preparing a peptide represented

by the general formula (]

C

|
A—Arg—B (16)

\LH— Ala—B (17

A—Arg~—Ala—B (18)

J

C

|
H~Arg—Ala—B (19)

C

|
A~—Arg—B (16)

C C

|
A—~—Arg—Arg—Ala~—B (20)

»

| |
H—Arg—Arg—Ala—B (21)

J/A—Asn'—B (22)

C C

- |
A—Asn—~Arg—Arg—Ala—B (23)

v

A=—Asn=Arg=—Arg—Ala—B (24)
\LH—Leu—-lle—Leu-Leu—Ala-Gln—OH (15)

(25)
A=—Asn—Arg=—Arg—Ala==Leu—Ile=~Leu=—Leu=~Ala=—Gln=~OH

(26)

H=—Asn=—Arg-Arg—Ala=—Leu=Ille—Leu=Leu=-Ala=—GIln—~QOH
\L@ (36)*

A~—Thr=His=—Ser—Leu—Gly=Asn—Arg=—Arg—Ala—
Leu=Ile=Leu=~Leu—Ala=—Gin—QH 27

J

H=Thr—His~~Ser=-Leu==Gly==Asn==Arg=Arg=Ala~
Leu=]le==Leu~IeuAla==Gln=-QOH (28)

[wherein (36)* is prepared by the following step,



7

-continued
Method A [Process for preparing a peptide represented

by the general formula (1)]

A—Leu—B  (6)

H—Gly—B  (29)

<

A~~Leu—Gly—B (30)

<—

H—Leu—Gly—B (31)

A—Ser—B (32)

<

A—Ser—Leu—Gly—B (33)

<

H-Ser~-Leu—Gly—B (34)

J/A-Thr-— His—B (35)

A—Thr—His—Ser—Leu—Gly—B

A-III: In case when R! is a group of the formula
H—8er— Asp—Leu——Pro—GIn—Thr—His—Ser—

Leu—Gly—Asn—Arg—Arg—Ala—.

4,474,754

(36)*]

A—Pro—B  (37)

J/H-GIH—B (38)

A—Pro—GIn—B (39)

<—

H--Pro—GIn—B (40)

A=—Leu—B  (6)

<—

A-—Leu~~Pro—GIin—B 41)

<

H—Leu—Pro—GIn—B (42)

| A—Asp—B = (43)

<—

A—Asp=—Leu—Pro—Gin—B (44)

—g <

A—Asp—Leu=—Pro—Gin—B (45)

\L .

H—Asp—Leu—Pro—GIin—B (46)

\LA— Ser—B (32)
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-continued

Method A [Process for preparing a peptide represented
by the general formula (1)]

A—Ser—Asp—Leu~—Pro-—-Gin-——B 47

H—Thr—His—Ser--Leu~Gly-—Asn—Arg—Arg—
Ala—Il.eu—Ile—lLeu—Leu—Ala—GIn—OH (28)

A—Ser— Asp—Leu— Pro—GIn—Thr— His— Ser— Leu—GIn—
Asn—Arg—Arg—Ala—Leu—Ile—Leu=Leu—Ala=—GIln—
OH  (48)

\

H—Ser— Asp—Leu—Pro—GIln=—Thr=—His~—Ser—Leu—GlIn—
Asn—Arg—Arg—Ala=~—~Leu=—Ile=—Leu—1Leu—Ala—Gln—
OH (49) | |

A-(IV): In case when Rl is a group of the formula
H—Tyr—S8er—Asp=—Leu~Pro—GIn—Thr—His—Ser—
Leu—Gly—Asn—Arg—Arg—Ala—.

A—Ser—Asp—Leu—Pro—Gin—B  (47)

V

H—Ser— Asp—Leu—Pro—GIn—B (50)

| \LA—Tyr—B (5D

A=—Tyr—Ser—Asp—Leu—Pro—GIn—B (52)

H—Thr—His—Ser—Leu—Gly—Asn—Arg—Arg—
Ala—Leu=Ile—Leu—Leu—Ala—Gln—OH (28)

A—Tyr—Ser—Asp—Leu—Pro—Gln—Thr—His—Ser— Leu—
Gly—Asn—Arg—Arg—Ala—Lecu—Ile—Leu—Leu—Ala—-
Gln—OH (53)

H—Tyr—Ser—Asp—Leu—Pro—GIln—Thr—His—Ser~-Leu—

Gly=—Asn~Arg—Arg—Ala—Leu—Ile—Leu—Leu—Ala—
Gin—OH (54) |

[In the above-mentioned methods A-(I) to (IV), Aisa
protecting group for the amino group, B is a active
group of the hydroxy group or of carboxyl group, C is
a protecting group for the guanidino group of arginine,
and D is a protecting group for aspartic acid.]

In the above-mentioned methods, as to a group of A,
tert-butoxycarbonyl group (Boc), carbobenzoyl group
(Z), p-methoxybenzyloxycarbonyl or the like is prefera-
ble; as to an active group of the carboxyl group repre-
sented by B, an active ester such as N-hydroxysuc-
cinimido group, a mixed acid anhydride such as isobuty-
loxycarbonyl group, azide group, or the like is prefera-
ble, as to a group of C, nitro group, tosyl group or the
like is preferable, as to a group of D, benzyloxy group
or the like is preferably exemplified.

In the above-mentioned method A-(I), the reaction of
an amino acid (2) with an amino acid (3) can be carried
out in the presence of a solvent. As to the solvent, any
solvent which can be used in a peptide condensation
reaction can be used, for example, an hydrous or a wa-
ter-containing dimethylformamide, dimethyl] sulfoxide,
pyridine, chloroform, dioxane, dichloromethane, tetra-
hydrofuran, ethyl acetate, N-methylpyrrolidone, hex-
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amethylphosphoric triamide or a mixture of these sol-
vents can be used.

The ratio of used amount of an amino acid (3) with an
amino acid (2) is not specifically restricted and can be
selected from a wide range, generally an equivalent to $
times quantity, preferably an equivalent to 1.5 times
quantity can be used.

The reaction temperature can be selected from a
range used in a peptide linkage forming reaction, gener-
ally, at about —40° to about 60° C., preferably at about

10

—20° to about 40° C. The reaction is generally carried

out for several minutes to about 30 hours.

In the above-mentioned method A-(I), the reaction of
a peptide (5) with an amino acid (6), the reaction of a
peptide (8) with an amino acid (6), the reaction of a
peptide (10) with an amino acid (11) and the reaction of
a peptide (13) with an amino acid (6) can be carried out
by a method similar to the reaction of an amino acxd (2)
with an amino acid (3). -

In the above-mentioned method A-(II), the reaction
of an amino acid (16) with an amino acid (17), the reac-
tion of a peptide (19) with an amino acid (16), the reac-
tion of a peptide (21) with an amino acid (22), the reac-
tion of a peptide (24) with a peptide (15), the reaction of
a peptlde (26) with a peptlde (36), the reaction of an
amino acid (6) with an amino acid (29), the reaction of
a peptide (31) with an amino acid (32) and the reaction
of a peptide (34) with a peptide (35) may be carried out
by a method similar to the reaction as mentioned above.

In the above-mentioned method A-(III), the reaction
of an amino acid (37) with an amino acid (38), the reac-
tion of a peptide (40) with an amino acid (6), the reac-
tion of a peptide (42) with an amino acid (43), the reac-
tion of a peptide (46) with an amino acid (32) and the
reaction of a peptide (47) with a peptide (28); and in the
above-mentioned method A-(IV), the reaction of a pep-
tide (50) with an amino acid (51), and the reaction of a
peptide (52) with a peptide (28) can also be carried out
by a method similar to the reaction as mentioned above.

The removing reaction of the protecting group of A
being captured respectively in peptides (4), (7), (9), (12),
(14), (18), (20), (25), (27), (30), (33), (39), (41), (45), (47),
(48) and (53) which are obtained by the above-men-
tioned reactions is carried out by any method com-
monly used in the art. As to the method of said remov-
ing reaction, there are exemplified reductive method (a
hydrogenation by using palladium, palladium black or
the like as a catalyst; a reduction by using sodium metal
in liquid ammonia), acidolysis (acidolysis by using triflu-
oroacetic acid, hydrofluoric acid, methanesulfonic acid,
hydrobromic acid or the like as a strong acid) and the
like.

The above-mentioned hydrogenation by using a cata-
lyst can be carried out under 1 atmospheric pressure of
hydrogen, at 0° to 40° C. The catalyst is generally used
in an amount of 100 mg to 1 g, and the reaction is gener-
ally completed in 1 to 48 hours.

The above-mentioned acidolysts 1s carried out in the
absence of a solvent, at 0° to 30° C., preferably at 0° to
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minutes to 1 hour. The acid may usually be used in 5 to
10 times quantity to the quantity of the starting material.
In the above-mentioned reduction by using sodium
metal in liquid ammonia, sodium metal is used in an
amount so as to keep the color of the reaction mixture in
permanent blue for 30 seconds to 10 minutes. The re-
duction is usually carried out at —40° to —70° C.
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The protecting group of C being captured in peptide
(23) and the protecting group of D being captured in
peptide (45) can also be removed by the above-men-
tioned reductive method.

Amino acids (2), (6), (11), (16), (22), (32), (37), (43)
and (51) used in the above-mentioned methods A-(I) to
A-(IV) may be of known commercially available prod-
ucts. Peptides (18), (23), (35), (36), (44), (47) and (52)
used in the above-mentioned methods A-(I) to A-(IV)
may also be of known commerctially available products
or those obtained by mixed anhydride method or by
azide formation method. The mixed anhydride method
is carried out in a suitable solvent in the presence of a
basic compound by using an alkylhalocarboxylic acid.
As to the alkylhalocarboxylic acid, there are exempli-
fied methyl chloroformate, methyl bromoformate, ethyl
chloroformate, ethyl bromoformate, isobutyl chlorofor-
mate and the like. As to the basic compound, there are
exemplified organic basic compound, such as triethyl-
amine, trimethylamine, pyridine, dimethylaniline, N-
methylmorpholine, 1,5-diazabicyclo-[4,3,0]nonene-5
(DBN), 1,5-diazabicyclo][5,4,0Jundecene-5 (DBU), 1,4-
diazabicyclo[2,2,2]octane (DABCO) and the like; inor-
ganic basic compounds, such as potassium carbonate,
sodium carbonate, potassium hydrogencarbonate, so-
dium hydrogencarbonate and the like. As to the solvent
used in this reaction can be selected from any solvent
used in a mixed anhydride reaction, and there are exem-
plified halogenated hydrocarbons, such as methylene
chloride, chloroform, dichloroethane and the like; aro-
matic hydrocarbons, such as benzene, toluene, xylene
and the like; ethers, such as diethyl ether, tetrahydrofu-
ran, dimethoxyethane and the like; esters, such as
methyl acetate, ethyl acetate and the like; aprotic polor
solvents, such as N,N-dimethylformamide, dimethyl
sulfoxide, hexamethylphosphoric triamide and the hke.
The reaction is carried out at —20° to 100° C., prefera-
bly at —20° to 50° C., and is completed in generally 5
minutes to 10 hours, preferably in 5 minutes to 2 hours.

In the azide formation reaction, at first the carboxylic
group is activated with an alcohol, such as methyl alco-
hol, ethyl alcohol, benzyl alcohol or the like, then the
activated carboxyl group is reacted with hydrazine
hydrate in a suitable solvent. As to the solvent, dioxane,
dimethylformamide, dimethyl sulfoxide or a mixture of
these solvents can be exemplified. Hydrazine hydrate
may be used in generally 5 to 20 times molar quantity,
preferably 5 to 10 times more quantity to the amount of
the activated carboxylic group. The reaction 1s gener-
ally carried out at below 50° C., preferably at —20° to
30° C. Thus, a compound in which the carboxyl group
of the terminal amino acid is substituted with hydrazine
(hydrazine derivative) can be prepared. A compound in
which the carboxyl group of the terminal amino acid 1s
substituted with azide is prepared by reacting, in a suit-
able solvent, in the presence of an acid, the abovemen-
tioned hydrazine derivative with a nitrous acid com-
pound. As to the acid, hydrochloric acid is generally
used. As to the solvent, dioxane, dimethylformamide,
dimethyl sulfoxide or a mixture of these solvents can be
used. As to the nitrous acid compound, sodium nitrite,
isoamyl nitrite, nitrosyl chloride or the like can be used.
The nitrous acid compound is used in generally an equi-
molar to 2 times molar quantity, preferably an equimo-
lar to 1.5 times molar quantity to the hydrozine deriva-
tive. The reaction is generally carried out at —20° to 0°
C., preferably at —20° to —10° C,, and is completed in
about 5 to 10 minutes.
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Method B {Process for preparing a peptide represented

_ by the general fetrmula ()]

B-(I): In case when R%is a hzdregen atom. |

E
A—-L;Ifs—B - (55)
-
H—GlL-—G ~ (56)

T
A—Lys—Ghi—G  (57)

V.

I |
H—Lys—Glu—OH (58)

J/A—-Ser—B (59)

E

| |
A—Ser=—Lys—Gly—0OH (60)
E

| I
H=—Ser—Lys-Gly—OH (61)

C

I
A—Arg—B (62)

¢ ¥
A—Arg—Ser—Lys—Gly—OH (63) .
E

| : -
H—Arg—Ser—Lys=Gly—OH (64)

\LA-— Ser—Leu—B  (65)*

E

A—Ser——Leu—Arg~—Ser—Lys—Glu—OH (66)
E

| I
H=Ser—Leu—Arg—Ser—Lys—Glu—OH (67)

F

|
A—Glu—B (68)

» B
A—Glu—Ser—Leu—Arg—Ser—Lys~—~Glu—OH (69)

)

H~—Glu—Ser— Leu—Arg-; Ser—Lys~-Glu—O0OH (70)

[wherein the peptide (69)* is prepared by the following step,
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H~-Thr—Asn—Leu—Glu—.

12

-continued
Methnd B [Process for preparing a peptide represented

by the general formula )] .

A=—Ser—B (59)

- J/H—-Leu—G (98)

A—Ser—Leu—G (99)

\

A—Ser—Leu—B  (65)*]

B-(II): In case when RZis a group of the formul_e

J

H=—GIn—G (71)

\LA.—- Leu—B  (72) B

A—Leu—G]n-—rG 73) -

J

H—Leu~-GIln—G (74)

\l/ — Asn—B .(75)

A—-Asnf—_Leu-—Gln—-G (76)

i

H—Asn—Leu=Gln—G . (77)

\L —The—B (73)

A—Thr—Asn—Leu-—Gln—G 19

)

A—Thr—Asn—Leu—GIn—B  (80)
H—Glu—Ser—Leu—Arg—Ser—Lys—Glu—OH - (81)

i
A—Thr—Asn—Leu-—Gln—Glu—Ser—Leu—Arg-—Ser—Lyr—
Gly—OH (82) o

)

H-—-Thr—-Aen— Leu—Gln*-Glu—Ser—-Leu—Arg-—Ser-— Lyr—
Glu—-OH (83) -

B-(III): In case when Rzlis a group of the formula o
H—Ser—Leu=—Ser—~Thr—Asn—Leu—GIn—.
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-continued
Method B [Process for preparing a peptide represented

by the general formula (2)]

A—Leu—B (72)
\LH—-Ser—G (84)
A—Leu—Ser—G (85)
H—Leu—Ser—G (86)
A—Ser—B (59)

<

A—Ser—Leu=Ser—G (87)

<

A—Ser—Leu—Ser—B (88)

H—Thr—Asn—Leu—GIn—Glu—Ser—Leu—Arg—
Ser—Lyr—Glu—OH (89)

I
E

<—

A—Ser—Leu—Ser—Thr=-Asn—Leu—GIn—Glu=—Ser—Leu—
Arg— Ser'—L},lrr— Glu—OH (90)

\L E
H--Ser—Leu—Ser~—Thr—Asn—Leu~—Gln—Glu—Ser—~Leuy—

Arg—Ser—Lyr—Glu—QH (91)

B-(IV): In case when R2is a group of the formula
H—Tyr—Ser—Leu—Ser—Thr—Asn—Leu—GIn—.

A—Ser—Leu=Ser—G (87)
H—Ser—Leu—Ser—G (92)

J/A—Tyr—B (93)

A—Tyr—S8Ser—Leu—Ser—G (94)
A=Tyr—Ser—Leu—Ser—B (93)

H—Thr—Asn~—Leu—Gin—Glu—Ser— Leuy—
Arg—Ser-L:,I:s—Glu—OH (89)

E

A—Tyr—Ser=~Leu—Ser—Thr—Asn=—Leu—Gln—Glu—
Ser—Leu—Arg—Ser—Lys—GIln—O0H (96)

’

H—Tyr—Ser—Leu~=Ser—Thr—Asn—Leu~—GIn~Glu—
Ser—Leu—Arg—Ser—Lys—GIn—OQOH (97)

E

[In the above-mentioned methods B-(I) to (IV), E is a
protecting group for €-amino group of the lysine, F is a
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protecting group for y-carboxy! group of the glutamic
acid, and G is a protecting group for the carboxyl
group, and A, B and C are the same as defined above.]

In the above-mentioned methods, as to a group of E,
tosyl group or the like is preferable, as to a group of F,
benzyloxy group or the like is preferable, and as to a
group of G, an alkyl ester residual group, tert-butox-
ycarbonylhydrazide or the like is preferably exempli-
fied.

In the above-mentioned method B-(I), the reaction of
an amino acid (55) with an amino acid (56), the reaction
of a peptide (58) with an amino acid (59), the reaction of
a peptide (61) with an amino acid (62), the reaction of a
peptide (64) with an amino acid (65), the reaction of a
peptide (67) with an amino acid (68) and the reaction of
an amino acid (59) with an amino acid (98); and in the
above-mentioned method B-(II), the reaction of an
amino acid (71) with an amino acid (72), the reaction of
a peptide (74) with an amino acid (75), the reaction of a
peptide (77) with an amino acid (78) and the reaction of
a peptide (80) with a peptide (81); and in the above-men-
tioned method B-(III), the reaction of an amino acid
(72) with an amino acid (84), the reaction of a peptide
(86) with an amino acid (59) and the reaction of a pep-
tide (88) with a peptide (89); and in the above-men-
tioned method B-(IV), the reaction of a peptide (92)
with an amino acid (93) and the reaction of a peptide
(95) with a peptide (89) can be carried out by a method
similar to the reaction of an amino acid (2) with an
amino acid (3) in the above-mention Method A.

The removing reaction of the protecting group of A
or C being captured respectively in peptides among
those obtained in the above-mentioned reactions can be
carried out by a method similar to that explained in the
above-mentioned method A. Furthermore, the remov-
ing reaction of the protecting group of E, F and G can
be carried out by a method similar to the removing

reaction of the protecting group of C as mentioned
above.

Amino acids (53), (56), (59), (62), (68), (71), (72), (75),
(78), (84), (93) and (98) used in the above-mentioned
methods B-(I) to B-(IV) may be of known commercially
available products. Peptide (69), (80), (88) and (95) used
In the above-mentioned methods B-(I)~B-(IV) may
also be of non-commercially available products or those
obtained by mixed anhydride method or by azide
method can also be used. Such methods have already
been explained in the above-mentioned method A.

Peptide (81) used in the above-mentioned method
B-(II) can be obtained by removing the protecting
groups of A and F from peptide (69), and peptide (89)
used in the above-mentioned method B-(IIT) can be
obtained by removing the protecting group of A from
peptide (82). The removing reaction of the protecting

groups may be followed by the methods mentioned
above.

Method C [Process for preparing a peptide represented
by the general formula (3)]

C-(I): In case when R3 is a hydrogen atom.




1S

-continued

Method C [Process for preparing a peptide represented

by the general formula (3)]

A—Leu—Gin-—B

C

I
H—Arg—Ser--Ser—QOH (102)

(101)*

C

|
A—Leu=GIn—Arg—Ser—Ser—0OH (103)

’

H~—Leu—GlIln--Arg—Ser—Ser—OH (104)

[wherein the peptide (101)* is prepared by the following step,

A—Ser—B (121)

\LH-—Ser—OR‘* (122)

A—Ser—Ser—OR% (123)

)

H—Ser—Ser—OR%  (124)

C

|
A—Arg—B (125)

V

C

o
A—Arg~—Ser—Ser— OR*4 (126)

)

C

|
A—Arg—Ser—Ser—0OH (127)

V

C

H—Arg—Ser—Ser—OH (101)*]

C-(11): In case when R3 is a group of the formula
H=—Phe=.

V.o

H=Leu==Gln= Arg=—Ser=—=Scr~~QH (105)

\LA—- Phe—=B (106)
C

|
A Phe=~—Leu=—=Gln=Arg—Ser—Ser—0OH (107)

)

H=-Phe—Leu—GIln—Arg=—Ser—Ser-—-0OH (108)

C-(I11): In case when R3 is 2 group of the formula
H—Leu=—Gly=—Phe—.
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-continued
Method C [Process for preparing a peptide represented
by the general formula (3)]

Vo

|
H=—Phe—Leu~—Gln— Arg-—Ser—Ser-OH (109)

bl

J/A-— Leu—Gly—B (110)

‘|3.
A=-Leu—Gly—Phe—Leu—GIln—Arg~—Ser—Ser—OH (111)

’

H—Leu=—Gly—Phe=—Leu—GIn—Arg~-Ser—Ser—OH (112)

C-(IV): In case when RJ is a group of the formula

H—Tyr—Asn—Leu—Gly=-Phe—.

)
H~—1eu=Gly—Phe~—Leu—GIn—Arg—Ser—Ser—0OH (113)

J/A—Tyr—-Asn-Leu—B - (114)*

C

|
A—Tyr— Asn—Leu=-Gly—Phe~—Leu—GIn—Arg~—Ser—
Ser—OH (115

)

H—Tyr—Asn—Leu—Leu—Gly—Phe—Leu—GIln—Arg—3S8er—
Ser—QOH (116)

wherein the peptide (114)* is prepared by the following step,

A—Asn—B (128)

J/H—Leu—-oa‘* (129)

A—Asn—Leu—OR?*  (130)

H— Asn==Lecu—OR* (131)

\LA—-Tyr—B (132)

A== Tyr= Asn=Leu==OR% (133)

V

A==Tyr=Asn—Leu~—OH (134)

V

A=—Tyr--Asn—Leu—B (114)%]

C-(V): In case when R3is a group of the formula
H=—Mect—Ser—Tyr—Asn=—Leu—Leu—Gly—Phe—.
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-continued
Method C [Process for preparing a peptide represented

by the general formula (3)] _ L
C

| | 5
H=—Tyr—Asn—Leu—Leu—Gly— Phe—Leu=Gln—Arg— |

Ser—Ser—OH  (117)

J/A—Met— Ser—B (118)

- 10
A=—Met—Ser—Tyr—Asn—Leu—Leu—Gly=-Phe—Leuy—

Gln-—Ar'g— Ser—0OH (119)
C

y

H— Met—-Ser—-Tyr-—Asn-—Leu—Leu—Gly—Ph_e— Leu—
Gla—Arg—Ser—Ser—QOH (120) |

15

[In the above-mentioned methods C-(I) to (V), R4is a
lower alkyl group; A, B and C are the same as defined
above.] |

In the above-mentioned, the reaction of a peptide
(100) with a peptide (101), the reaction of a peptide
(105) with an amino acid (106), the reaction of a peptide
- (109) with a peptide (110), the reaction of a peptide
(113) with a peptide (114), the reaction of a peptide
(117) with a peptide (118), the reaction of an amino acid
(121) with an amino acid (122), the reaction of a peptide
(124) with an amino acid (125), the reaction of an amino
acid (128) with an amino acid (129) and the reaction of
a peptide (131) with an amino acid (132) can be carried
out by a method similar to the reaction of an amino acid
(2) with an amino acid (3) in the above-mentioned
method A. .

The removal of the protecting group of A or C being
captured in respective peptides among those obtained in
the above-mentioned reaction can be carried out by a
method similar to that explained in the above-men-
tioned method A.

The reaction for hydrolyzing a peptide (126) or (133)
to obtain peptide (127) or (134) can be carried out in the
presence of a mineral acid such as hydrochloric acid,
sulfuric acid or the like, or an alkali such as sodium
hydroxide, potassium hydroxide or the like, in a solvent
such as methanol, ethanol, dioxane or the like. The
reaction is generally carried out at 20° to 50° C., for
about 30 minutes to 3 hours.

Peptide (105) used in the above-mentioned method
C-(II) can be prepared by removing the protecting
group of A from peptide (102). Similarly, peptide (109)
used in the above-mentioned method C-(IIT) can be
prepared by removing the protecting group of A from
peptide (107), peptide (113) used in the above-men-
tioned method C-(IV) can be prepared by removing the
protecting group of A from peptide (111), and peptide
(117) used in the above-mentioned method C-(V) can be
prepared by removing the protecting group of A from
peptide (115). The removing reaction of the prctecting
groups may be carried out under a condition in the
removing reaction as mentioned above.

As to preferable methods for obtaining peptide (114)
from peptide (134), there are exemplified mixed acid
anhydride method, azide formation method and the like
as already explained in method A mentioned above.

The peptides of the present invention as prepared by
the above-mentioned methods are isolated and purified
from the reaction mixtures by common methods for
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1solating peptide, for example extraction, partition and
column chromatography and the like.

As explained above, the synthetic peptides of the
present imvention, thus N-terminal peptide of human
lymphoblastoid interferon, C-terminal peptide of
human lymphoblastoid interferon, N-terminal peptide
of human interferon-8 and derivatives thereof are ob-

tained.

Thus obtained synthetic peptides can be used as la-
belled antigens which used in radioimmunoassay (RIA)
or fluorescence polarization Immunoassay system, by
Introducing a common labelling agent for example a
radioactive iodine such as 1251, 131] or the like, a fluoro-
chrome such as fluorescein isothiocyanate (FITC), tet-
ramethylrhodamine isothiocyanate (TRITC), a substi-
tuted rhodamine isothiocyanate (XRITC), rhodamine B
isothiocyanate, dichlorotriazinefluorescein (DTAF) or
the like, or an enzyme or the like.

Introducing a radioactive iodine is carried out by
treating a peptide having tyrosyl group among the syn-
thetic peptides mentioned above by a common iodin-
atton method, for example an oxidative iodination
method, using Chloramine T [cf. W. M. Hunter and F.
C. Greenwood: Nature, 194, page 495 (1962); Biochem.
J., 89, page 114, (1963)]. The above-mentioned iodin-
ation method is carried out in a suitable solvent for
example 0.2M-phosphate buffer solution (pPH=7.4), in
the presence of Chloramine T at a room temperature for
10 to 30 seconds. The radioactive iodine may be used in
an amount of about 1 millicurie per 1 nanomole of tyro-
sine molecule being contained in the peptide, together
with 10 to 100 nanomoles of Chloramine T may be used,
when one atom of the radioactive iodine is to be intro-
duced into the tyrosine molucule. Similarly, when two
atoms of the radioactive iodine is to be introduced into
the tyrosine molecule, then 2 millicuries of the radioac-
tive iodine may be used per 1 nanomole of tyrosine
molecule being contained in the peptide, together with
10 to 100 nanomoles of Chloramine T may be used.

Thus prepared peptide being labelled with the radio-
active iodine can be isolated and purified by a conven-
tional method of isolation, for example, extraction, par-
tition, column chromatography, dialysis or the like. If
necessary, the labelled peptide can be stored in the form
of lyophilized state.

The peptide being labelled with a fluorochrome is
prepared by introducing the fluorochrome to the N-ter-
minal or amino group in the molecule of the synthetic
peptide, in a suitable buffer solution in an alkaline condi-
tion, preferably at pH 8 to 12. As to the buffer solution,
there is not any specific restriction and can be selected
from a wide range, as far as the pH value of the buffer
solution is in the range as shown above. As to the buffer
solutions, there are exemplified that a borate buffer
solutton, a bicarbonate buffer solution, a glycine buffer
solution, a Barbital buffer solution, a tris buffer solution,
an ammediol buffer solution, Ringer’s buffer solution
and the like can be used. In case that the peptide and/or
fluorochrome is not soluble in the buffer solution, the
labelling reaction can be carried out by adding a com-
mon solvent, for example methanol, ethanol, acetone,
dimethylformamide or the like, into the reaction system.

The labelling reaction is generally proceeded at about
0” to 40° C., preferably, at 0° to 20° C., and i1s completed
In a several minutes to about 48 hours.

There is not any restriction to the ratio of amount of
tfluorochrome and can be selected from a wide range,
and generally 1 to 10 times molar quantity, preferably to
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2 to 4 times molar quantity of the fluorochrome may be
used per one amino group being contained in the pep-
tide. Thus obtained peptide being labelled with a fluoro-
chrome can be isolated and purified and to be stored as
in the case similar to the peptide labelled with the radio-
active 1odine.

Hitherto, interferons are assayed indirectly by biolog-
ical measuring methods on the basis of phystological
activities thereof [Finter, N. B. in Interferon and Inter-
feron Inducers (edited by Finter, N. B.), pages 135-170
(North-Holland, Amsterdam, 1973)]. Thus, the biologi-
cal measuring method requires living cells and living
virus which can be able to infect to said cells, and po-
tency of the interferons are assayed by determining,
directly or indirectly, the degrees of cell death caused
by the virus infection. However, such biological mea-
suring method gives unstable and scattering result be-
cause the materials used in the method are living organ-
isms. Additionally, if any substance having antiviral
activity other than the interferons to be assayed is con-
tained in the test sample, then such biological measuring
method for assaying interferons becomes meaningless.
Further, selective assay of human interferon-a or
human interferon-8 cannot be made by such biological
measuring method. Yet, further such biological measur-
ing method requires several days to obtain the results
with too complicated operations, therefore such
method can not meet the requirements of the medical
world.

Different form such biological measuring method,
novel method for assaying human interferons of the
present invention, according to radicimmunoassay
method (RIA method) or fluorescence polarization
immunoassay system by using the labelled antigens
(labelled peptides) can be able to assay human interfer-
on-a or human interferon-B selectively, simply, quickly
and with high accuracy.

Hitherto, a fluorescence polarization immunoassay
method is well known, however, there have not been
known that this method have been applied for qualita-
tive determination of interferons. This is because that a
purified interferon labelled with fluorochrome was
hardly be prepared, and even if said purified interferon

labelled with fluorochrome could be obtained, such

labelled substance having large molecular weight can
only show less changes in polarizing degree (P value),
thus an adequate sensitivity in qualitative determination
could not be obtained. |

On the contrary to the above, the peptides labelled
with fluorochrome of the present invention can show a
large changes in polarizing degree (P value) and are
useful labelled substances for assaying human interfer-
on-a or human interferon-8 with an adequate accuracy
in qualitative determination. According to the develop-
ments of such peptides labelled with fluorochrome,
qualitative determination of human interferon-a or
human interferon-8 by applying the above-mentioned
fluorescence polarization immunoassay system can ac-
tually be made.

Method for assaying interferons by fluorescence po-
larization immunoassay is explained in detail as follows.

Sequence of measuring procedures and operations are
not basically different from those used in a common
method of fluorescence polarization immunoassay sys-
tem.

The method for assaying interferons according to the
present invention can be carried out by using the stan-
dard antigen, and the antibody thereagainst as well as
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the peptide labellled with fluorochrome. As to the stan-
dard antigen, a native human interferon-a itself or a
native human interferon-8 itself, or a peptide repre-
sented by the general formula (1) to (3), having antige-
nicity equivalent to the human interferon-a or -3, can
be used. In case of using said peptide, potency of inter-
feron of unknown sample can easily be calculated by
knowing the cross-reactivity of human interferon-a or
- and the peptide against the antibody, before the test.
Considering that, efforts, costs and operations for ob-
taining a purified product of the standard antigen, the
use of the peptide is quite advantage.

As to the antibody of interferon used in the assay
method according to the present invention, any anti-
body against human interferon-a or -8 or a peptide
represented by the general formulas (1) to (3) can be
used, and preferably, as explained later, an antibody
having high specificity against human interferon-a or
-3 which is prepared by using the peptide represented
by general formulas (1) to (3) as the hapten. |

As to the sequence of measuring procedures, at first a
series of diluted samples of the standard antigen is pre-
pared by diluting the antigen with a suitable diluting
solution. As to the diluting solution, there is not any
restriction thereto and any type of diluting solution
suitable for this type of method can be used. Specifi-
cally, a buffer solution having pH value of 5 to 10,
preferably, pH value of 7 to 8 for example, a borate
buffer solution, a tris-HCI buffer solution, a phosphate
buffer solution, an acetic acid buffer. solution, a citric
acid-phosphoric acid buffer solution, a glycine buffer
solution or the like can be used. Additionally, for inhib-
iting adsorption, such as bovine serum albumin (BSA),
sodium azide, as a preservitive, and a common aditive
such as EDTA, sodium chloride or the like can be
added into the diluting solution.

Next, predetermined amount of the antibody and
predetermined amount of the peptide labelled with a
fluorochrome were added to the respective samples of
the series of diluted standard antigen to prepare sam-
ples, then said samples are allowed to stand at 0° to 37°
C. for 30 minutes to 48 hours, and the strength of verti-
cal polarized fluorescence (Iys) and the strength of
horizontal polarized fluorescence (Izs) are measured by
a common method. Measurements of said polarized
fluorescene can easily be conducted by using a common
apparatus for measuring strength of polarized light, for
example a commercially available “FS-501" (manufac-
tured by Union-Giken-Sha, Co., Ltd.).

By a procedure- similar to that explained above Imn
preparing the series of diluted standard antigen samples,
a series of reference samples without containing the
peptide labelled with a fluorochrome are prepared, and
the strength of vertical polarized fluorescence (I1yr) and
the strength of horizontal polarized fluorescence (I1xR)
are measured. '

Then, a standard curve of the polarizing degree (P
value) versus the concentration of samples in the series
of diluted standard antigen is obtained. The polarizing
degree (P value) is calculated by the following formula,

(Tys — Iys) — (Ius — IHR)
(fys — Ivr) + (Uus — IHyR)

-
bl

X 100 (%)

In place of the standard antigen samples, by using
samples containing human interferon-a or -8 of un-
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known concentration, human interferon-a or -8 con-
tained in the samples can be assayed from the standard
curve by calculating the P value obtained smllarly

In case that a native human interferon-a or -£ is used
as the standard antigen, the potency of the interferon in
the sample can be obtained from the standard curve.

In case that a peptlde represented by the general
formulas (1) to (3) is used as the standard antigen, the
cross-reactivity of human interferon-a or -8 and the
peptide against the antibody is obtained before the test,
then converting into the potency of the interferon.

The synthetic peptides of the present invention can be
applied as haptens for preparing human interferon-a or
-f3 antigen.

Method for preparing human interferon-a or -8 anti-
gen is now explained as follows.

Thus, the human interferon-a or -8 antigen is pre-
pared by reacting at least a synthetic peptide used as the
hapten with a carrier in the presence of a hapten-carrier
bonding reagent.

As to the carrier to be bonded to the hapten used in
the above-mentioned method, a natural or synthetic
protem having high molecular weight commonly used
in preparation of a common antigen may be used, for
example animal serum albumins such as equine serum
albumin, bovine serum albumin, rabbit serum albumin,
human serum albumin, ovine serum albumin and the
like; animal serum globulins such as equine serum glob-
ulin, bovin serum globulin, rabbit serum globulin,
human serum globulin, ovine serum globulin and the
like; animal thyroglobulins such as equine thyroglobu-
lin, bovine thyroglobulin, rabbit thyroglobulin, human
thyroglobulin, ovine thyroglobulin and the like; animal
hemoglobulin sach as equine hemoglobulin, bovine
hemoglobulin, rabbit hemoglobulin, human hemoglobu-
lin, ovine hemoglobulin and the like; animal hemocya-
nins; proteins extracted from ascaris [ascaris extracts
themselves as disclosed in Japanese Patent Kokai (Laid-
open) No. Sho-16414/1981, J. Immun., 111, 260-268
(1973); J. Immun., 122, 302-308 (1979); J Immun., 98,
893-900 (1967) and Am. J. Physiol., 199, 575-578
(1960), or products obtained therefrom by further puri-
fication]; a polylysine, a polyglutaminic acid, a lysine-
glutaminic acid co-polymer, a copolymer containing
lysine or ornitine and the like.

As to the hapten-carrier bonding reagent, those of
conventionally used in preparing common antigen can
be selected from wide range, specifically, aliphtic dial-
dehydes such as glyoxal, malondialdeyde, glutaralde-
hyde, succinaldehyde, adipoaldehyde and the like those
of which can make crosslinked bond between two
amino groups; dimaleimide compounds such as N,N'-o-
phenylenedimaleimide, N,N’-m-phenylenedimaleimide
and the like, those of which can make crosslinked bond
between two thiol groups; maleimidocarboxyl-N-
hydroxysuccinimidoester = compounds  such  as
metamaleimidobenzoyl-N-hydroxysuccinimidoester,
4-(maleimidomethyl)-cyclohexane-1-carboxyl-N'-
hydroxysuccinimidoester and the like, those of which
can make crosslinked bond between amino group and
thiol group; dehydrocondensing agents such as N,N-
dicyclohexylcarbodiimide (DCC), N-ethyl-N'-dime-
thylaminocarbodiimide, 1-ethyl-3-diisopropylaminocar-
bodiimide, 1-cyclohexyl-3-(2-morpholinyl-4-ethyl)car-
bodiimide and the like, those of which used for a com-
mon peptide bonding formation reaction, such as for
combining amino group with carboxyl group; further
diazonium aryl-carboxylic acids such as p-diazonium
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phenylacettc acid and the like may be used in combina-
tion with a common peptide bonding formation reagent
for example the above-mentioned dehydrocondensing
agent,

Reaction for preparing antlgens of the present inven-
tion is carried out for example in an aqueous solution or
a common buffer solution having a pH value of 7 to 10,
preferably, pH value of 8 to 9, at 0° to 40° C., prefera-
bly, at a room temperature, generally 1-24 hours pref-
erably 3-5 hours. As to the typical buffer solutions used
in the reaction, there are exemplified as follows: |

0.2N-sodium hyroxide—0.2M-boric acid—0.2M-
potassium chloride buffer solution,

0.2M-sodium carbonate—0.2M-boric acid—0.2M-
potassium chloride buffer solution,

0.05M-sodium tetraborate—0.2M-boric acid—0.05
M-sodium chloride buffer solution, |

0.1M-potassium dihydrophosphate—0.05M-sodium
tetraborate buffer solution

In the above-mentioned reaction, the ratio of amounts
of a hapten, a hapten-carrier bonding agent and a carrier
may properly determined, and generally, 2 to 6 times
the quantity by weight, preferably 3 to 5 times the quan-
tity by weight of the carrier is used to the hapten, and 5
to 10 times molar quantity of the hapten-carrier bonding
agent is used to the hapten. According to the above-
mentioned reaction, a human interferon-a or -8 antigen
consisting of a carrier and a hapten both of which are
combined through a hapten-carrier bonding agent can
be obtained.

After the reaction is completed, the antlgen thus
obtained can be isolated and purified easily by a com-
mon dialysis method, gel filtration method, fractional
precipitation method and the like. Further, the antigen
may be stored in a conventional lyophilized form.

Thus, the human interferon-a or -8 antigen composi-
tion consisting of one of the present synthetic peptide
and the carrier is obtained. Said antigen is a composition
in which generally an average 5 to 20 moles of the
peptides are combined with one mole of the protein,
from said antigen an antibody having high specificity to
human interferon-a or -8 can be prepared with good
repeatability. Especially, among the antigen composi-
tions, one having the bonding ratio of protein:pep-
tide=1:8 to 1:15 shows higher specificity and is most
preferable, since from which an antibody having high
potency with high sensitivity can be prepared.

Preparation of the antibody by using the antigen
obtained as above is carried out as follows. Thus the
said antigen is administered to a mammal and an anti-
body being produced in the mammal body is collected.

There is not any specific restriction in selecting the
mammal to be used in preparing the antibody, and gen-
erally, rabbit or guinea pig is used preferably. In pro-
ducing the antibody, the predetermined amount of the
antigen obtained as above is diluted with a physiological
saline solution into a suitable concentration, and this
diluted solution is further diluted by mixing with a com-
plete Freund’s adjuvant to prepare a suspension, then
the suspension is administered to a mammal. For exam-
ple, said suspension is administered intracutaneously to
a rabbit in an amount of 0.5 to 5 mg of the antigen In
every administration, and the administrations are con-
tinued every other weeks for 2 to 10 months, preferably
for 4 to 6 month to make immunization. For collecting
the antibody, the blood is taken out from the immunized
animal at the time when a large amount of the antibody
is produced in the animal body after the administration



of the suspension, generally 1 to 2 weeks after the last
administration of the suspension. The blood taken out
from the animal is treated by centrifugal separation to
separate the serum to obtain the antibody. According to
a method of the present invention, on the basis of the
specific properties of the antigen, an antibody having
excellent specificity to human interferon-a or -8 with
high potency and high sensitivity can be obtained.

Thus obtained antibody of the présent invention has
an excellent specificity to human interferon-a or -8 and
i1s useful since it can be able to assay human interferon-a
or -8 in RIA method with high accuracy. Further, the
antibody can be used in an enzyme immunoassay (EIA)
method, a fluorescence immunoassay (FIA) or the like
by labelling the antibody with an enzyme or with a
fluorochrome. Yet further, the antibody can be used as
the starting material for preparing an adsorbent to be
used in an affinity chromatography by immobillizing
the antibody on a suitable insoluble carrier.

By using the adsorbent for said affinity chromatogra-
phy, human interferon-a or -8 can be isolated and puri-
fied from a crude product of interferons by the selection
of type of the antibody to be used. Thus, when the
adsorbent in which human interferon-a antibody is
immobillized is used, then human interferon-a is selec-
tively adsorbed thereon, similarly to the above, when
the adsorbent in which human interferon-g8 antibody is

immobillized is used, then human interferon-8 is selec-

tively adsorbed thereon. Next, from the adsorbent con-
taining the human interferon-a or -8 being adsorbed
thereon, desorption of the human interferon-a or -8 can
be carried out under a mild condition by simple opera-
tion, therefore high purity of human interferon-a or -8
can be obtained qualitatively without losing the activity
thereof., -

The adsorbent for an affinity chromatography can be
prepared by a method mentioned below.

In immobillizing the human interferon antibody on an
insoluble carrier, any conventional method for immobil-
hizing a bio-material can be applied, among of such
conventional methods, the use of cyanogen bromide-
activated-polysaccharide method is preferable. The
cyanogen bromide-activated-polysaccharide method is
first treating an insoluble carrier with cyanogen bro-
mide, then thus obtained activated carrier is coupling
with a bio-substrate under a mild condition to imm-
bobillize the bio-substance. In treating the insoluble
carrier with cyanogen bromide, the treatment may be
carried out at pH 11-12 by using a basic compound for
example sodium hydroxide, sodium hydrogen-carbon-
ate or the like, at a room temperature in a solvent for
example water, acetonitrile or the like, for about 1 to 12
minutes. Ratio of the amount of cyanogen bromide to
the amount of the insoluble carrier may be generally an
equivalent quantity by weight. As to the insoluble car-
rier, any known insoluble carrier having low non-
specific adsorpability to general bio-substance, having
high porosity, having functional groups which can be
able to immobillize bio-substance under a mild condi-
tion, as well as sufficiently stable chemically and physi-
cally, may be used. For example, cellulose type carrier
such as aminoethy! cellulose, carboxymethylcellulose,
bromoacetylcellulose, p-anilinocellulose and the like;

crosslinked dextran type carrier such as Sephadex, CM-

Sephadex (manufactured by Pharmacia Fine Chemicals,
Inc.) and the like; agarose type carrier such as Se-
pharose 2B, Sepharose 4B, Sepharose 6B (manufactured
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by Pharmacia Fine Chemicals, Inc.) and the like may be
used. .

In coupling thus obtained cyanogen bromide-
activated carrier with the human interferon antibody,
30 to 80 times the quantity by weight of a cyanogen

bromide-activated carrier may be reacted with a human
interferon antibody in a suitable solvent such as 0.1M-

sodium hydrogencarbonate aqueous solution (contain-
ing 0.5M- of sodium chloride, pH=38.4), at generally 0°
to 40° C,, preferably at 2° to 8° C., for about 10 to 20
hours. An adsorbent for an affinity chromatography of
the present invention thus prepared. Said adsorbent
may be stored in a suitable solvent, for example in a
physiological saline solution. | | )

For the purpose of to explain the present invention in
detail, examples of preparations for peptides of the pres-
ent invention, antigens and antibodies obtained there-
from, however, are described the present invention is
not restricted only to these examples. 'I

In the following examples of preparation, the Rf
value i1s determined by using the following mixed sol-
vents to a thin-layer-chromatography on a silica gel,

Rf!. .. 1-butanol-acetic acid-water (4:1:5)

Rftf , 1-butanol-pyridine-acetic acid-water
(15:10:3:12) o

- [Synthesis of p'eptides_] |
- PREPARATIVE EXAMPLE A-1

1. Preparation of Z-Ala-GIn-OH

To a solution of 4.80 g of Z-Ala-OSu in 60 ml of
tetrahydrofuran was added a solution of 2.19 g of H-
GIn-OH in 40 ml of water and 2.10 ml of triethylamine
and the mixture was stirred at a room temperature for
20 hours. Tetrahydrofuran and water were removed by
distillation and the residue thus obtained was extracted
with n-butanol. The n-butanol extract was washed with
a 2%-acetic acid and butanol was removed by distilla-
tion. The precipitated substance thus obtained was col-
lected by filtration and reprecipitated with methanol-
ethyl acetate to obtain 3.87 g of Z-Ala-Gln-OH.

Rf7; 0.41 -

RfII: 0.56 : - - - S |

Elemental analysis (for Ci16H21N30¢): Calculated
(%): C 54.69, H 6.02, N 11.96. Found (%): C 54.50, H
6.31, N 11.62. | |

2(a). Preparation of H-Ala-GIn-OH

3.50 Grams of Z-Ala-GIn-OH was dissolved in 50 ml
of water and 30 ml of methanol, and the mixture was
catalytically reduced by using palladium as a catalyst to
obtain H-Ala-GIn-OH.

Rf: 0.04

2(b). Preparation of Z-Leu-Ala-Gln-OH

3.97 Grams of Z-Leu-OSu, the H-Ala-Gln-OH ob-
tained in the above-mentioned 2(a) and 1.39 ml of trieth-
ylamine were dissolved in 50 ml of dimethylformamide
and the mixture was stirred at a room temperature for
20 hours. Dimethylformamide was removed by distilla-
tion, the residue thus obtained was extracted with ethyl
acetate. The extract was washed with 1N-citric acid
three times and with water 5 times. Ethyl acetate was
removed by distillation, and to the reside was added

ether, the precipitate formed was collected by filtration

and dried, then reprecipitated with methanol-ethyl ace-
tate to obtain 2.15 g of Z-Leu-Ala-Gln-OH.
Rf/: 0.49 |
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Rfll; Q.62

Elemental analysis (for CyyH33N4O7): Calculated
(%): C 56.88, H 6.94, N 12.06. Found (%): C 56.41, H
6.80, N 12.18.

3(a). Preparation of H-Leu-Ala-Gln-OH

To 2.10 g of Z-Leu-Ala-GIn-OH was added 20 ml of
acetic acid solution containing 25% of hydrogen bro-
mide, then the mixture was allowed to stand at a room
temperature for 1 hour. After the completion of the

10

reaction, dried ether was added to the reaction mixture .

to obtain H- Leu—Ala-Gln-OH
Rff; 0.10

3(b). Preparation of H-Leu-Leu-Ala-Gln-OH

1.96 Grms of Z-Leu-OSu, 0.63 ml of triethylamine
and H-Leu-Ala-GIn-OH obtained above step of 3(a)
were dissolved in 50 ml of dimethylformamide, and
stirred at a room temperature for 20 hours. After re-
moval of dimethylformamide by distillation, 1M-citric
acid was added to the residue, and crystals being precip-
itated were collected by filtration. The crystals were
washed with water until the filtrate become neutral,
then dried. The dried crystals were washed with me-
thanol-ethyl acetate to obtain 1.63 g of Z-Leu-Leu-Ala-
GIin-OH.

Rfl: 0.58

Rf#; 0.64 |

Elemental analysis (for CygH43NsOg): Calculated
(%): C 58.22, H 7.50, N 12.12. Found (%): C 57.85, H
7.90, N 11.96.

4(a). Preparation of H-Leu-Leu-Ala-GIn-OH

To 1.50 g of Z-Leu-Leu-Ala-GIn-OH was added 20
ml of acetic acid containing 25% of hydrogen bromide,
then the mixture was stirred at a room temperature for
1 hour. To the reaction mixture was added dried ether,

and solid material precipitated was collected by filtra-
tton to obtain H-Leu-Leu-Ala-Gln-OH.
Rf7: 0.19

4(b). Preparation of Z-lle-Leu-Leu-Ala-Gin-OH

1.41 Grams of Z-Ile-OSu, the above-obtained H-Leu-
Leu-Ala-GIn-OH and 0.36 ml of triethylamine were
dissolved in 50 ml of dimethylformamide, then the mix-
ture was stirred at a room temperature for 20 hours.
After removal of dimethylformamide by distillation,
IN-citric acid was added to the residue, and crystals
being precipitated were collected by filtration and
washed with hot methanol to obtain 1.17 g of Z-lle-
Leu-Leu-Ala-Gin-OH.

Rf’: 0.61

Rf/: 0.71

Elemental analysis (for Ci3qHs4NgOyg): Calculated

(%): C 59.11, H 7.87, N 12.16. Found (%): C 59.23, H
7.80, N 12.02.

5(a). Preparation of H-Ile-Leu-Leu-Ala-Gin-OH

To 1.10 g of Z-lle-Leu-Leu-Ala-GIn-OH was added
15 ml of acetic acid solutton containing 25% of hydro-
gen bromide, then the mixture was stirred at a room
temperature for 1 hour. After completion of the reac-

tion, dried ether was added to the reaction mixture to
obtain H-Ile-Leu-Leu-Ala-Gln-OH.
Rfl: 0.25

15
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5(b). Preparation of Z-Leu-Ile-Leu-Leu-Ala-Gin-OH

0.69 Gram of Z-Leu-OSu, the above-obtained H-Ile-
Leu-Leu-Ala-GIn-OH and 0.22 ml of triethylamine
were dissolved in 50 ml of dimethylformamide, and the
mixture was stirred at a room temperature for 20 hours.
After removal of dimethylformamide by distillation,
1N-succinic acid was added to the residue, the precipi-
tated material was collected by filtration and washed
with water until the filtrate become neutral and then
dried. The dried material was washed with hot metha-
nol to obtain 1.10 g of Z-Leu-lle-Leu-Leu-Ala-Gin-OH.

Rf%; 0.58 |

Rffl; 0.71

Elemental analysis (for CsoHgsN70O19): Calculated
(%): C 59.75, H 8.15, N 12.19. Found (%): C 59.60, H
8.02, N 11.92, |

6. Preparation of H-Leu-Ile-Leu-Leu-Ala-GIn-OH

0.50 Gram of Z-Leu-lle-Leu-Leu-Ala-GIn-OH was
dissolved in 50 ml of methanol and 10 ml of 109%-acetic

- acid, and the mixture was catalytically reduced by using
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palladium as a catalyst to obtain H-Leu-Ile-Leu-Leu-
Ala-GIn-OH. Hereinafter, this product is referred to as
[Peptide A].

Rf’: 0.23

Rf; 0,61 -

Elemental analysis (for C32H59N70:s, 2H20) Calcu—
lated (%): C 54.45, H 8. 99 N 13.89. Found (%): C 54.30,
H 8.81, N 13.98.

PREPARATIVE EXAMPLE A-2
1. Preparation of Boc-Ala-NHNHZ

4.99 Grams of Boc-Ala-OH, 4.36 g of NH>-NH-Z and
5.44 g of dicyclohexylcarbodiimide were dissolved In
150 ml of tetrahydrofuran, and the mixture was stirred
at 4° C. for 20 hours. The solid material formed in the
reaction mixture was removed by filtration, and remain-
ing filtrate was allowed to distillation, to the residue
thus obtained was added ether to obtain precipitate.
Said precipitate was collected by filtration and re-
precipitated from ether and petroleum ether to obtain
7.03 g of Boc-Ala-NHNHZ.

Rf’: 0.79

Rf/; (.81

- Elemental analysis (for Ci16H23N30s): Calculated
(%): C 56.96, H 6.87, N 12.45. Found (%): C 56.81, H
6.49, N 12.34.

2(a). Preparation of H-Ala-NHNHZ

3.00 Grams of Boc-Ala-NHNHZ was dissolved in 10
ml of trifluoroacetic acid, and allowed to stand at a
room temperature for 15 minutes, then trifluoroacetic

acid was removed by distillation and dried to obtain
H-Ala-NHNHZ.
Rfll: 0.51

2(b). Preparation of Boc-Arg(NO>)-Ala-NHNHZ

2.84 Grams of Boc-Arg(NQO;)-OH was dissolved in
40 ml of a tetrahydrofuran solution containing 0.91 ml
of N-methylmorpholine, and the mixture was cooled to
—15° C., then 1.17 ml of isobutyl chloroformate and
was stirred vigorously for 30 seconds. To the reaction
mixture were added a solution of H-Ala-NHNHZ in 20
ml of a dimethylformamide and 1.24 ml of triethylamine
and stirred for 1 minute. The reaction mixture was al-
lowed to stand at 0° C. for 5 minutes, then warmed at
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40" C. for 2 minutes, then stirred at a room temperature
for 15 minutes. After removal of tetrahydrofuran and
dimethylformamide by distillation, the residue thus
obtained was extracted with ethyl acetate. The extract
was washed with 1N-citric acid, then with a saturated
sodium hydrogencarbonate solution, next with a satu-
rated sodium chloride solution. After removal of ethyl
acetate by distillation, reprecipitated from ethyl acetate-
ether to obtain 3.70 g of BOC-Arg(NO3)-Ala-NHNHZ.
- Rf’: 0.68 -
Rf; 0.79 | .-
Elemental analysis (for Cy;H34NgOsg): Calculated
(%): C 49.06, H 6.36, N 20.80. Found (%): C 49.40, H
6.72, N 20.43. |

3(a). Preparation of H-Arg(NO2)-Ala-NHNHZ

3.67 Grams of Boc-Arg(NQO3)-Ala-NHNHZ was dis-
solved in 15 ml of trifluoroacetic acid, and allowed to
stand at a room temperature for 15 minutes, then crys-
tallized by adding dried ether and the crystals were
collected by filtration to obtain' H-Arg(NO;)-Ala-
NHNHZ. | o | _-

Rf?: 0.20

3(b). Preparation of
Boc-Arg(NO)-Arg(NO3)-Ala-NHNHZ

2.17 Grams of Boc-Arg(NO3)-OH was dissolved in a
solution of 50 ml of tetrahydrofuran containing 0.69 ml
of N-methylmorpholine, and the mixture was cooled to
—15° C,, then 0.89 ml of isobutyl chloroformate was
added and the mixture was stirred vigorously for 30
minutes. To this mixture was added a solution of the
above-obtained H-Arg(NO3)-Ala-NHNHZ in 30 ml of
dimethylformamide and 0.95 ml of triethylamine, and
stirred for 1 minute. The reaction mixture was warmed
to 0° C. for 5 minutes, then to 40° C. for 2 minutes, and
stirred at a room temperature for 15 minutes. After

removal of tetrahydrofuran and dimethylformamide by
distillation, the residue was extracted with ethyl acetate.

The extract was washed with 1N-citric acid and a satu-

rated aqueous solution of sodium hydrogencarbonate in

this order, then acetate was removed by distillation.
Reprecipitated from ethyl acetate-ether to obtain 3.70 g
of Boc-Arg(NO»j)-Ala-NHNHZ. -

Rf’: 0.58 |

Rf; 0.75

Elemental analysis (for CygHgsN301)): Calculated
(%): C 45.46, H 6.13, N 24.61. Found (%): C 45.13, H
5.71, N 24.51. | -

~ 4(a). Preparation of
H-Arg(NO7)-Arg(NO,)-Ala-NHNHZ,

3.00 Grams of Boc-Arg(NO;)-Arg(NO;)-Ala-
NHNHZ was dissolved in 20 ml of trifluoroacetic acid,
and the solution was allowed to stand at a room temper-
ature for 15 minutes, then crystallized from dried ether.
The crystals were collected by filtration to obtain H-
Arg(NOz)-Arg(NOz)-Ala-NHNHZ.

RfZ: 0.11

4(b). Preparation of
Boc-Asn-Arg(NO3)-Arg(NO3)-Ala-NHNHZ,

H-Arg(NO32)-Arg(NO3)-Ala-NHNHZ was dissolved
in 50 ml of dimethylformamide, to this solution 0.56 ml

of triethylamine and 2.17 g of Boc-Asn-ONHS were

added and the mixture was allowed to stand at a room
temperature for 20 hours. Dimethylformamide was
removed by distillation, the residue thus obtained was
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extracted with butanol. The extract was washed with
2% of acetic acid twice, then reprecipitated from ether
and the crystals were collected by filtration, re-
precipitated from methanol-acetic acid to obtain 2.64 g
of Boc-Asn-Arg(NO3)-Arg(NO;)-Arg-NHNHZ.
- Rff: 0.40 i *

Rf7: 0.72 - -

Elemental analysis (for C33Hs1N15013): Calculated
(%): C 54.01, H 6.02, N 24.60. Found (%): C 44.80, H
5.85, N 24.12.

4(c). Preparation of Boc-ASn—Arg-Arg—Ala-NHNHz

2.50 Grams of Boc-Asn-Arg(NO,)-Arg(NO3)-Ala-
NHNHZ was dissolved in a mixture of 30 ml of metha-
nol with 30% of-acetic acid, and the solution was cata-
Iytically reduced by using palladium as the catalyst to
obtain 2.20 g of Boc-Asn-Arg-Arg-Ala-NHNH,.

Rf?: 0.06 |

Rflt; 0.40

Elemental analysis (for Cy4H47N1307.2CH3CO>H.-
H20): Calculated (%): C 43.80, H 7.48, N 23.71. Found:
(%): C 43.51, H 7.62, N 23.45. | |

5. Preparation of Z-Leu-Gly-OCsz

- 1.86 Milliliters of N-methylmorpholine was dissolved
in 60 ml of tetrahydrofuran and to this solution 4.85 g of
Z-Leu-OH was added. The mixture was cooled to —15°
C. and 2.41 ml of isobutyl chloroformate was added and
then vigorously stirred for 30 seconds. To this reaction
mixture, 40 ml of a dimethylformamide solution con-
taining 2.54 g of H-Gly-OC,Hs5, and 2.56 ml of triethyl-
amine were added and stirred for 1 minute. After the
reaction mixture was warmed at 0° C. for 5 minutes,
then at 40° C. for 2 minutes and was stirred at a room
temperature for 15 minutes. Tetrahydrofuran and di-
methylformamide were removed by distillation to ob-

- tain the residue, then 1M-citric acid was added to this
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residue and the crystals thus formed were collected by

filtration. The crystals were washed with water until

the filtrate become neutral, and the crystals were dried,
reprecipitated from ethyl acetate-ether to obtain 4.68 g
of Z-Leu-Gly-OC;Hs.

Rf’: 0.80

Rf1; 0.77 | |

Elemental analysis (for C;gH26N20s): Calculated
(%). C 61.70, H 7.48, N 7.99. Found (%): C 61.51, H

732, N 7.80. O

6(a). Preparation of H—LeuaGly;Ocsz

3.12 Grams of Z-Leu-Gly-OC;Hs was dissolved in 50
ml of methanol and 8.90 ml of IN hydrochloric acid and
the solution was catalytically reduced by using palla-
dium as the catalyst to obtain H-Leu-Gly-OC,Hs.

Rf%: 0.41 |

6(b). Preparation of Z-Ser-Leu-Gly-OCyHs

2.48 Grams of Z-Ser-NHNH; was dissolved in 20 ml
of dimethylformamide and 4.89 ml of N-hydrochloric
acid/dioxane, after cooled the reaction mixture to — 15°
C., then 1.31 ml of isoamyl nitrite was added thereto
and stirred for 5 minutes. Then 4.11 ml of triethylamine
was added to the reaction mixture to neutralize the
mixture. This reaction mixture was added into 10 ml of
a dimethylformamide solution containing the above-
mentioned H-Leu-Gly-OC;Hs and 1.24 ml of triethyl-
amine and stirred at 4° C. for 20 hours. After removal of
dimethylformamide by distillation, the residue - thus
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obtained was extracted with ethyl acetate, and the ex-
tract was washed with 1N-citric acid and a saturated
aqueous solution of sodium chloride in this order, then
the extract was dried with anhydrous magnesium sul-
fate. After removal of ethyl acetate, reprecipitated from
ethyl acetate to obtain 2.64 g of Z-Ser-Leu-Gly-OC,Hs.

Rfl; 0.78

RfI; 0.85

Elemental analysis (for Cj;H3;N307): Calculated
(%): C 57.65, H 7.14, N 9.60. Found (%): C 57.60, H
6.88, N 9.63.

7(a). Preparation of H-Ser-Leu-Gly-OC,H5

2.50 Grams of Z-Ser-Leu-Gly-OC;H; was dissolved
in 10 ml of 10% acetic acid and 50 ml of methanol and
the mixture was catalytically reduced by using palla-
dium as the catalyst to obtain H-Ser-Leu-Gly OC;Hs.

Rfl; 0.31

7(b). Preparation of Z-Thr-His-Ser-Leu-Gly-OC;Hs

2.54 Grams of Z-Thr-His-NHNH, was dissolved in
20 ml of dimethylformamide and 4.19 ml of 6N-hydro-
chloric acid/dioxane, after cooled the mixture to — 15°
C., then 0.84 ml of isoamyl nitrate was added thereto
and stirred for 5 minutes. Then 3.51 ml of triethylamine
was added to neutralize the reaction mixture. This reac-
tion mixture was added into 20 ml of a dimethylform-
amide solution containing the above obtained H-Ser-
Leu-Gly-OC>Hs and 0.79 ml of triethylamine, and
stirred at 4° C. for 20 hours. After removal of dimethyl-
formamide by distillation, the residue thus obtained was

extracted with butanol, the extract was washed with

water. The solvent was removed by distillation, and
recrystallized from methanol-ethyl acetate to obtain
4.31 g of Z-Thr-His-Ser-Leu-Gly-OC,Hs. |

Rf7: 0.35

Rfil; 0.71

Elemental analysis (for C3jH4sN;03.H;0): Calcu-
lated (%): C 64.00, H 8.11, N 16.85. Found (%): C 64.48,
H 8.10, N 16.54.

8(a). Preparation of Z-Thr-His-Ser-Leu-Gly-NHNH,

4.30 Grams of Z-Thr-His-Ser-Leu-Gly-CO-;Hs was
dissolved in 20 ml of methanol, to this solution was
added 3.18 ml of hydrazine monohydrate, then this
mixture was allowed to stand at a room temperature for
20 hours. After the reaction was completed, ether was
added to the reaction mixture and the crystals thus
precipitated were collected by filtration and dried. The
crystals were washed with hot methanol to obtain 2.55
g of Z-Thr-His-Ser-Leu-Gly-NHNHo.

Rf’: 0.17

Rff; 0.57

Elemental analysis (for Cy9H43NgQg): Calculated

(%): C 52.64, H 6.55, N-19.05. Found (%): C 52.55, H
6.44, N 19.09.

8(b). Preparation of
H-Asn-Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH

0.78 Grams of Boc-Asn-Arg-Arg-Ala-NHNH; was

dissolved in 8 ml of dimethylformamide and 1.03 ml of

6N-hydrochloric acid/dioxane, after the solution was
cooled to —15° C. 0.16 ml of isoamyl nitrate was added
thereinto and stirred for 5 minutes. Next 0.87 ml of
triethylamine was added to neutralize the reaction mix-
ture. This reaction mixture was added to a mixture
consisting of Peptide A, i.e., H-Leu-Ile-Leu-Leu-Ala-
GIn-OH, 0.87 ml of triethylamine, 20 ml of dimethyl-

10

135

20

25

30

35

40

45

30

33

60

635

30

formamide and 10 ml of hexamethylphosphoric triam-
ide, and the obtaining mixture was stirred at 4° C. for 24
hours. Further a product being converted 0.39 g of
Boc-Asn-Arg-Arg-Ala-NHNH; into azide was added to
satd mixture and stirred for 48 hours. Dimethylformam-
ide was removed by distillation, the residue thus ob-
tained was extracted with butanol. The extract was
washed with water and butanol was removed by distil-
lation. The residue thus obtained was recrystallized
from ether, and the crystals precipitated were collected
by filtration, washed with water and dried on phospho-
rus pentoxide. Boc-Asn-Arg-Arg-Ala-Leu-Ile-Leu-
Leu-Ala-Gln-OH thus obtained was dissolved in 3 ml of
trifluoroacetic acid and was allowed to stand at a room
temperature for 15 minutes, then dried ether was added
thereto to precipitate the crystals and the crystals were
collected by filtration. After the crystals were dried,
they were purified by using Sephadex G-25 (eluting
solvent: 50% acetic acid) to obtain 120 mg of H-Asn-
Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH.

Rf%: 0.01

Rff1: 0.35

Elemental analysis (for Cs1H94N18013.2CH-
3COOH.5H;0): Calculated (%): C 47.95, H 8.19, N
18.30. Found (%): C 47.66, H 8.41, N 18.62.

[a]p?: —185.44 (C=0.57, 1M-acetic acid).

9. Preparation of
H-Thr-His-Ser-Leu-Gly-Asn-Arg-Arg-Ala-Leu-Ile-
Leu-Ala-GIn-OH

125 Milligrams of Z-Thr-His-Ser-Leu-Gly-NHNH,
was dissolved in 10 ml of dimethylformamide and 0.125
ml of 6N-hydrochloric acid/dioxane, then after cooled
to —15° C. 0.025 ml of isoamyl nitrite was added and
stirred for 5 minutes. Next, 0.105 ml of triethylamine
was added to neutralized the reaction mixture. This
mixture was then added to a mixture consisting of 10 ml
of a dimethylformamide solution containing 110 mg of
H-Asn-Arg-Arg-Ala-Leu-lle-Leu-Leu-Ala-Gln-OH
with 0.013 ml of triethylamine; and 6 ml of hexamethyl-
phosphoric triamide, then the whole mixture was
stirred at 4° C. for 24 hours. Further, an azide product
of 125 mg of Z-Thr-His-Ser-Leu-Gly-NHNH, was
added to the reaction mixture, and stirred for 48 hours.
Dimethylformamide was removed by distillation, thus
obtained residue was extracted with butanol. The ex-
tract was washed with water and butanol was removed
by distillation, and the residue thus obtained was re-
precipitated from methanol-ethyl acetate. Then, thus
obtained  Z-Thr-His-Ser-Leu-Gly-Asn-Arg-Arg-Ala-
Leu-Ile-Leu-Leu-Ala-Gln-OH was dissolved in 50 ml of
methanol and 10 ml of 10%-acetic acid and catalytically
reduced by using palladium as the catalyst. The catalyst
was removed by filtration then methanol was removed
by distillation, and the residue thus obtained was puri-
fied by using Sephadex G-25 (eluting solvent: 509%-
acetic acid) to obtain 125 mg of H-Thr-His-Ser-Leu-
Gly-Asn-Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gin-OH.
Hereinafter this product is referred to as [Peptide Bl.

Rf7: 0.01

Rf/I; (.38

Elemental analysis (for C72H127N725020.2CH-
3COOH.4H0): Calculated (%): C 49.21, H 7.77, N
18.87. Found (%): C 49.60, H 7.92, N 18.54.

[a]p?: —66.76 (C=0.42, 1M-acetic acid).
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PREPARATIVE EXAMPLE A-3
1(a). Preparation of H-GIn-NHNHBoc
7.00 Grams of Z-GIn-NHNHBoc was dissolved in 50

. : 5
ml of methanol and was catallytically reduced by using
palladium as the catalyst to obtain H-GIn-NHNHBoc.
Rf7: 0.37
1(b). Preparation of Z-Pro-Gln-NHNHBoc 0

4.41 Grams of Z-Pro-OH was dissolved in 50 ml of
tetrahydrofuran and 1.80 ml of N-methylmorpholine,
and the solution was cooled to —15° C,, then 2.34 ml of
isobutyl chloroformate was added thereinto and stirred
vigorously for 30 seconds. Then 30 ml of a dimethyl- 15
formamide solution of H-GIn-NHNHBoc obtained in
the step 1(a) above was added to the reaction mixture
and stirred for 1 minute. Then the whole reaction mix-
ture was warmed at 0° C. for 5 minutes, and further
warmed at 40° C. for 2 minutes and stirred at room 20
temperature for 15 minutes. Tetrahydrofuran and di-
methylformamide were removed by distillation, the
residue thus obtained was extracted with ethyl acetate
containing a small amount of butanol. The extract was
washed with 1N-citric acid, a saturated aqueous solu-
tion of sodium hydrogencarbonate and a saturated
aqueous solution of sodium chloride in this order, then
further washed with a hot ethyl acetate to obtain 5.67 g
of Z-Pro-Gin-NHNHBoc.

Rf’: 0.60

Rf: 0.76 |

Elemental analysis (for Cj;3H33NsO7): Calculated
(%): C 56.20, H 6.77, N 14.25. Found (%): C 55.97, H
6.68, N 14.15. 15

2(a). Preparation of H-Pro-GIn-NHNHBoc

5.50 Grams of Z-Pro-GIn-NHNHBoc was dissolved
in 50 ml of methanol and was catalytically reduced by
using palladium as the catalyst to obtain H-Pro-Gln- 40
NHNHBoc.

Rf7: 0.09

2(b). Preparation of Z-Leu-Pro-Gln-NHNHBoc

4.05 Grams of Z-Leu-ONHS was added to 100 ml of 45
a dimethylformamide solution of H-Pro-Gin-
NHNHBoc obtained in the above-mentioned step 2(a),
and 1.56 ml of trithylamine, then the mixture was al-
lowed to stand at a room temperature for 20 hours.
Dimethylformamide was removed by distillation, and
the residue thus obtained was extracted with ethyl ace-
tate. The extract was washed with 1N-citric acid and a
saturated aqueous solution of sodium chloride in this
order, and reprecipitated from ethyl acetate-ether to
obtain 3.72 g of Z-Leu-Pro-GIn-NHNHBoc.

Rf/: 0.68

Rf/1; 0.80 .

Elemental analysis (for CyoH44NgOg): Calculated
(%): C 57.60, H 7.33, N 13.90. Found (%): C 57.21, H 3
7.08, N 13.58.

3(a). Preparation of H-Leu-Pro-GIn-NHNHBoc

3.50 Grams of Z-Leu-Pro-Gln-NHNHBoc was dis-
solved in 50 ml of methanol and was catalytically re- g5
duced by using palladium as the catalyst to obtain H-
I.eu-Pro-Gln-NHNHBoc.

Rfl; 0.14
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o 3(b). Preparation of
Z-Asp(OCH3-CgHs)-Leu-Pro-Gln-NHNHBoc

2.27 Grams of Z-Asp(OCH-C¢Hs)-OH was dis-
solved in 30 ml of tetrahydrofuran with 0.65 ml of N-
methylmorpholine and after the solution was cooled to
—15° C., 0.84 ml of isobutyl chloroformate was added
and stirred vigorously for 30 seconds. To this reaction
mixture was added 20 ml of a dimethylformamide solu-
tion of H-Leu-Pro-GIn-NHNHBoc obtained in the
above-mentioned step 3(a), with 0.81 ml of triethylam-
ine and the whole mixture was stirred for 1 minute.
Next this reaction mixture was warmed at 0° C. for 5
minutes, then at 40° C. for 2 minutes and stirred at a
room temperature for 15 minutes. Tetrahydrofuran and
dimethylformamide were removed by distillation and
the residue thus obtained was extracted with ethyl ace-
tate. The extract was washed with 1N-citric acid, a
saturated aqueous solution of sodium hydrogencarbon-
ate and a saturated aqueous solution of sodium chloride
in this order and the solvent was removed by distilla-
tion. Reprecipitated form ethyl acetate-petroleum ether
to obtain 4.00 g of Z-Asp-(OCH;>-C¢Hs)-Leu-Pro-Glin-
NHNHBoc.

Rf7: 0.68

Rf{; 0.77

Elemental analysis (for CsoHssN7011): Calculated
(%): C 59.32, H 6.84, N 12.11. Found (%): C 58.88, H
6.65, N 11.72.

4(a). Preparation of H-Asp-Leu-Pro-Gln-NHNHBoc

2.00 Grams of Z-Asp-(OCH3-Cg¢Hs)-Leu-Pro-Gln-
NHNHBoc was dissolved in 50 ml of methanol with 10
ml of 10%-acetic acid and was catalytically reduced by
using palladium as the catalyst to obtain H-Asp-Leu-
Pro-GIn-NHNHBoc. -

Rf: 0.08

4(b). Preparation of
Z-Ser-Asp-Leu-Pro-Gln-NHNHBoc

0.75 Grams of Z-Ser-NHNH; was disolved in 15 ml
of dimethylformamide with 1.48 ml of 6N-hydrochloric
acid/dioxane, after the solution was cooled to —15° C,,
0.39 ml of isoamyl nitrite was added thereto and stirred
for 5 minutes, and 1.24 ml of triethylamine was added to
neutralize the reaction mixture. This reaction mixture
was added to a mixture consisting of 10 ml of a dimeth-
ylformamide solution of H-Asp-Leu-Pro-Gin-
NHNHBoc obtained in the above-mentioned step 4(a)
and 0.34 ml! of trimethylamine, and the whole mixture
was stirred at 4° C, for 20 hours. Dimethylformamide
was removed by distillation and the residue thus ob-
tained was extracted with butanol. The extract was
washed with water, then butanol was removed by distil-
lation. Recrystallized from methanol-ethyl acetate to
obtain 1.52 g of Z-Ser-Asp-Leu-Pro-Gin-NHNHBoc.

Rf/; 0.45 |

Rf/1: 0.67

5. Preparation of
H-Ser-Asp-Leu-Pro-Gin-Thr-His-Ser-Leu-Gln-Asn-
Arg-Arg-Ala-Leu-lle-Leu-Leu-Ala-Gln-OH

116 Milligrams of  Z-Ser-Asp-Leu-Pro-Gln-
NHNHBoc was de-tert-butoxycarbonylated with 2 ml
of TFA, and anhydrous ether was added to the reaction
mixture to obtain the precipitate. Then the precipitate
was collected by filtration, and dried, and dissolved in 5
ml of dimethylformamide with 0.072 ml of 6N-hydro-
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chloric acid/dioxane. After the reaction mixture was
cooled to —15° C, 0.019 ml of isoamyl nitrite was
added to the mixture and stirred for 5 minutes, and then
0.081 ml of triethylamine was added to neutralize the
reaction mixture.

This reaction mixture was added to a mixture consist-
ing of 80 mg of Peptide B, i.e., H-Thr-His-Ser-Leu-Gly-
Asn-Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH, 5 ml
of dimethylformamide and 6 ml of hexamethylphos-
phoric triamide, and stirred at 4° C. for 20 hours. Fur-
ther, to the reaction mixture was added 116 mg of azide
product of Z-Ser-Asp-Leu-Pro-GIn-NHNHBoc, then
stirred for 28 hours. Dimethylformamide was removed
by distillation and the residue thus obtained was ex-
tracted with butanol. The extract was washed with
water and butanol was removed by distillation. Then
the residue was crystallized from petroleum ether and
the crystals precipitated were collected by filtration,
then reprecipitated from methanol-ethyl acetate. Thus
obtained  Z-Ser-Asp-Leu-Pro-Gin-Thr-His-Ser-Leu-
Gly-Asn-Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH
was dissolved in 30 ml of methano! with 30 m] of 10%-
acetic acid and was catalytically reduced by using palla-
dium as the catalyst. The catalyst was removed by fil-
tration and the solvent was also removed by distillation.
The residue thus obtained was purified by using Seph-
dex G-25 followed by LH-20 (eluting solvent: 1/1000N-
hydrochloric acid was used respectively) to obtain 58
mg of H-Ser-Asp-Leu-Pro-Gln-Thr-His-Ser-Leu-Gly-
Asn-Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH.
Hereinafter, this product is referred to as [Peptide C].

Rfl: 0.01 |

R{; 0.37

Elemental analysis (for CosH163N31099.2CH-
3COOH.7TH70): Calculated (%): C 48.54, H 7.61, N
17.72. Found (%): C 48.14, H 7.50, N 17.48.

la]p?: -~85.70 (C=0.23, 1M-acetic acid).

PREPARATIVE EXAMPLE A4

1(a). Preparation of
H-Ser-Asp-Leu-Pro-Gln-NHNHBoc

1.03 Grams of Z-Ser-Asp-Leu-Pro-Gin-NHNHBoc
was dissolved in 50 ml of methanol and was catalyti-
cally reduced by using palladium as the catalyst to ob-
tain H-Ser-Asp-Leu-Pro-Gln-NHNHBoc.

Rf7: 0.06

1(b). Preparation of
Z-Tyr-Ser-Asp-Leu-Pro-Gln-NHNHBoc

0.79 Gram of Z-Tyr-ONHS was added to 20 ml of a
dimethylformamide solution of H-Ser-Asp-Leu-Pro-
GIn-NHNHBoc obtained in the above-mentioned step
1(a), and the mixture was allowed to stand for 20 hours
at room temperature. After dimethylformamide was
removed by distillation, the residue thus obtained was
extracted with ethyl acetate. The extract was washed
with 1N-citric acid then with a saturated aqueous solu-
tion of sodium chloride in this order, then ethyl acetate
was removed by distillation. Reprecipitated from me-
thanol-ethyl acetate to obtain 588 mg of Z-Tyr-Ser-
Asp-Leu-Pro-GIn-NHNHBoc.

Rf’: 0.51

Rf%; .69

Elemental analysis (for CsoHgoN9O15): Calculated

(%): C 58.91, H 6.56, N 11.89. Found (%): C 58.53, H
6.22, N 12.28.
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2. Preparationk of
H-Tyr-Ser-Asp-Leu-Pro-Gln—Thr—His-Ser-Leu-G]y-
Asn-Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH

44 Milligrams of Z-Tyr-Ser-Asp-Leu-Pro-Gin-
NHNHBoc was dissolved in 3 ml of dimethylformam-
ide with 0.0225 ml of 6N-hydrochloric acid/dioxane,
after the mixture was cooled to —15° C., 0.0060 m] of
1Isoamyl nitrite was added and stirred for 5 minutes, then
0.0252 ml of triethylamine was added to neutralize the
mixture.

This reaction mixture was added to a solution consist-
ing of 5 ml of a dimethylformamide solution containing
25 mg of Peptide B, i.e., H-Thr-His-Ser-Leu-Gly-Asn-
Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-GIn-OH, and 2 mli
of hexamethylphosphoric triamide then the whole mix-
ture was stirred at 4° C. for 20 hours. Further, an azide
product of 44 mg of Z-Tyr-Ser-Asp-Leu-Pro-Gin-
NHNHBoc was added to the reaction mixture and was
stirred for 24 hours. The solvent was removed by distil-
lation and the residue thus obtained was extracted with
a mixture of butanol-water then crystallized from ether
and the crystals were collected by filtration. Thus ob-
tained Z-Tyr-Ser-Asp-Leu-Pro-Gln-Thr-His-Ser-Leu-
Gly-Asn-Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH
was dissolved in 30 ml of methanol and was catalyti-
cally reduced by using palladium as the catalyst. The
catalyst was removed by filtration and methanol was
also removed by distillation, then the residue was puri-
fied by using Sephdex G-25 (eluting solvent: 50%-acetic
acid) and by using LH-20 (eluting solvent: 1/1000N-
hydrochloric acid) to obtain 18 mg of H-Tyr-Ser-Asp-
Leu-Pm-Gln—Thr-His-Ser—-Leu-—Gly—Asn—Arg-Arg-Ala-
Leu-lle-Leu-Leu-Ala-GIn-OH. Hereinafter this prod-
uct is referred to as [Peptide D].

Rf7: 0.01 |

Rff7; 0,38

Elemental analysis (for Ci04aH160N32031.2CH-
3COOH.5H3): Calculated (%): C 50.40, H 7.32, N 17.41.
Found (%): C 50.72, H 7.67, N 17.03.

[a]lp?: —77.88 (C=0.22, 1M-acetic acid).

PREPARATIVE EXAMPLE B

1. Preparation of Z-Lys(Tos)-Glu(OBzl)-OBzl

4.18 Grams of H-Glu(OBz!)-OBzl. Tos was dissolved
in 30 ml of dimethylformamide (DMF), then 1.21 ml of
triethylamine (TEA) was added and the mixture was
stirred under cooling. On the other hand, 4.35 g of
Z-Lys(Tos)-OH was dissolved in 30 ml of tetrahydrofu-
ran (THF), and 0.98 ml of N-methylmorpholine was
added thereto, then this mixture was cooled to — 15° C.
and under stirring condition 1.27 ml of 1sobuty! chloro-
formate was added dropwise. 30 Seconds after the addi-
tion, then the cooled DMF solution mentioned above
was added thereto and this mixture was stirred at 0° C.
for 5 minutes, then at 40° C. in a water bath for 1 minute,
further at 15° C. for 30 minutes. THF and DMF were
removed from the reaction mixture under a reduced
pressure, the residue thus obtained was extracted with
ethyl acetate. The extract was washed with 1N-citric
acid, a saturated aqueous solution of sodium chloride, a
saturated aqueous solution of sodium hydrogencarbon-
ate then a saturated aqueous solution of sodium chloride
in this order, then was dried with anhydrous sodium
sulfate, and ethyl acetate was removed distillation. The
otly residue obtained was solidified by adding ethyl
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ether and reprecipitated from ethyl acetate-ether to
obtain 5.37 g of the desired product.

Rf?: 0.96 |

Rf7: 0.90

Elemental analysis (for CsoH4s5N309S): Calculated
(%): C 64.59, H 6.10, N 5.65. Found (%): C 64.13, H
5.95, N 5.63. |

2(a). Preparation of H-Lys(Tos)-Glu-OH

5.21 Grams of Z-Lys(Tos)-Glu(0OBz])-OBzl was dis-
solved in a mixture of 80 ml of methanol with 20 ml of
10% acetic acid, and a small amount of palladium black
was added thereto and stirred overnight under intro-
ducing hydrogen gas. After the reaction was com-
pleted, the catalyst was removed by vacuum filtration,
and the filtrate was distilled under a reduced pressure {0
obtain the rresidue. To the residue was poured water
and was lyophilized to obtain the desired product.

Rf%: 0.29

Rf/; 0.52

2(b). Preparation of Z-Ser-Lys(Tos)-Glu-OH

2.13 Grams of Z-Ser-NHNH; was dissolved in 20 ml
of DMF and 4.20 ml of 6N-hydrochloric acid/dioxane
was further added, then the mixture was cooled to —15°
C., 1.13 ml of isoamy! nitrite was added under stirring.
After the reaction mixture shows negative reaction in
hydrazid test, then a cold solution of 3.53 ml of triethyl-
amine with 1.20 ml of DMF was added dropwise to
neutralize the reaction mixture. This mixture containing
the azide was added to a cold DMF solution of H-Lys(-
Tos)-Glu-OH obtained in above-mentioned step 2(a)
with 1.96 ml of triethylamine, then this mixture was
stirred at —10° to —15° C. for 2 hours and at 4° C. for
20 hours. Dimethylformamide was removed by distilla-
tion, the residue thus obtained was extracted with ethyl
acetate, then the ethyl acetate layer was washed with
1N-citric acid and a saturated aqueous solution of so-
dium chloride, then dried with anhydrous sodium sul-
fate, and ethyl acetate was removed by distillation
under a reduced pressure. The residue thus obtained
was solidified by adding ethyl ether and reprecipitated
from ethyl acetate-ether to obtain 4.14 g of the desired
product.

Rfl: 0.65

Rf/: 0.65 |

Elemental analysis (for C29H31sIN4O11S.2H20): Calcu-
lated (%): C 52.80, H 5.96, N 8.49. Found (%): C 52.87,
H 5.69, N 8.46.

3(a) Preparation of H-Ser-Lys(Tos)-Glu-OH

4.03 Grams of Z-Ser-Lys(Tos)-Glu-OH was dis-
solved in a mixture of 60 ml of methanol with 40 ml of
10%-acetic acid and a small amount of palladium black
was added and stirred overnight under introducing
hydrogen gas. After completion of the reaction, the
catalyst was removed by vacuum filtration, and the
filtrate was distilled under a reduced pressure, then the
residue was poured into water and was lyophilized to
obtain the desired product.

Rf/: 0.23

Rf; 0.48

3(b). Preparation of
Z-Arg(INO;)-Ser-Lys(Tos)-Glu-OH

H-Ser-Lys(Tos)-Glu-OH obtained in the above-men-
tione step 3(a) was dissolved in 20 ml of dimethylform-
amide, and 1.74 ml of triethylamine was added then
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stirred under cooling. On the other hand, 2.41 g of
Z-Arg(NO;)-OH was dissolved in 20 ml of tetrahydro-
furan, and 0.70 ml of N-methylmorpholine was added
thereto, the mixture was cooled to —15° C. and under
stirring condition 0.86 ml of isobutyl chloroformate was
added dropwise. 30 Seconds after the addition the
above-mentioned cold dimethylformamide solution was
added, then the whole mixture was stirred at 0° C. for 5
minutes, then at 15° C. for 30 minutes. Tetrahydrofuran
and dimethylformamide were removed by distillation
under a reduced pressure and the residue thus obtained
was extracted with a butanol being saturated with 2%-
acetic acid. The extract was washed 35 times with 2%-
acetic acid being saturated with n-butanol, and distilled
under a reduced pressure to remove acetic acid by re-
placing with water, further to remove water by replac-
ing methanol. The oily residue thus obtained was solidi-
fied by adding ethyl ether and reprecipitated from ethyl
acetate-methanol to obtain 4.09 g of the desired prod-
uct. |

Rfl: 0.42

RfH; 0.65

Elemental analysis (for C35H49N9014S.3H,0): Calcu-
lated (%): C 48.83, H 5.85, N 14.64. Found (%): C 49.22,
H 6.05, N 14.11.

4. Preparation of Z-Ser-Leu-NHNH;

2.54 Grams of Z-Ser-NHNH, was dissolved in 20 ml
of dimethylformamide, and 5.00 mi of 6N-hydrochloric
acid/dioxane was added thereto and the mixture was
cooled to —15° C., then 1.34 ml of isoamyl nitrite was
added under stirring condition. After the reaction mix-
ture shows a negative reaction in hydrazine test, then a
cold solution of 1.40 ml of dimethylformamide with
4,20 ml of triethylamine was added drop by drop in
small amounts to neutralize the reaction mixture. This
reaction mixture containing the azide was added to a 15
ml of a cold dimethylformamide solution containing
1.96 g of H-Leu-OC2Hs.HCI and 1.40 ml of triethylam-
ine, then whole mixture was stirred at —10° to —15° C.
for 2 hours and at 4° C. for 20 hours. Dimethylformam-
ide was removed by distillation under a reduced pres-
sure and the residue thus obtained was extracted with
ethyl acetate, then the ethyl acetate layer was washed
with IN-citric acid, a saturated aqueous solution of
sodium chloride, a saturated aqueous solution of sodium
hydrogencarbonate and a saturated aqueous solution of
sodium chloride in this order and dried with anhydrous
sodium sulfate then ethyl acetate was removed by distil-
lation under a reduced pressure. To the residue thus
obtained was added petroleum ether and washed by

 decantation. The oily substance obtained was dried
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under a reduced pressure in a desiccator, and the dried
product was dissolved in 50 ml of methanol and 2.50 ml
of 100% hydrazine monohydrate was added under ice-
cooled condition, then the reaction product was al-
lowed to stand at a room temperature for 20 hours, then
methanol was removed by distillation under a reduced
pressure. The residue thus obtained was solidified by
adding ethyl ether and was dried in a desiccator. The
dried product was washed with water to remove an
excess of hydrazine monohydrate and reprecipitated
from methanol-ethyl acetate to obtain 2.68 g of the
desired product.

Rf’: 0.73

Rf1: 0.76
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Elemental analysis (for Cj7H26N40s): Calculated
(%): C 55.73, H 7.15, N 15.29. Found (%) C 5572, H
7.01, N 15.42.

5(a). Preparation of H-Arg-Ser-Lys(Tos)-Glu-OH

2.00 Grams of Z-Arg(NOj)-Ser-Lys(Tos)-Glu-OH
was suspended in a mixture of 30 ml of methanol with
30 ml of 50%-acetic acid and a small amount of palla-
dium black was added thereto and the mixture was
stirred for 36 hours under introducing hydrogen gas.
After the reaction was completed, the catalyst was
removed by filtration in vacuo, and the filtrate was
distilled under a reduced pressure to obtain residue,
then the residue was poured into water and was lyophi-
lized. In 18 hours after the lyophilization, the lyophi-
lized product was dissolved in water, then again the
solution was lyophilized to obtain the desired product.

Rfl: 0.05

Rfl1; 0.41

5(b). Preparation of
Z-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH

1.03 Grams of Z-Ser-Leu-NHNH» was dissolved in
15 m] of dimethylformamide, then 1.41 ml of 6N-hydro-
chloric acid/dioxane was further added thereto, and the

mixture was cooled to —15° C,, then 0.38 ml of isoamyl

nitrite was added under a stirring condition. After the
reaction mixture shows a negative reaction in hydrazide
test, then a cold solution of 0.40 ml of dimethylformam-
ide with 1.18 ml of triethylamine was added drop by
drop in small amounts to neutralize the reaction mix-
ture. This reaction mixture containing the azide was
added to 10 ml of a cold dimethylformamide solution
containing H-Arg-Ser-Lys(Tos)-Glu-OH obtained in
the above-mentioned step 5(a) and 0.66 ml of triethyl-
amine, then whole mixture was stirred at — 10° to —15°
C. for 2 hours, and at 4° C. for 20 hours. Dimethylform-
amide was removed by distillation under a reduced
pressure and the residue thus obtained was extracted
with n-butanol saturated with water and the butanol
layer was wahsed 5 times with water being saturated
with n-butanol and the solvent was removed by distilla-
tion. The residue was solidified by adding ethyl ether,
and reprecipitated from methanol-ethyl acetate to ob-

tain 1.92 g of the desired product.
RfZ: 0.33

Rf; 0.69

Elemental analysis (for C44HgsN10015S. 2H20) Cal-
culated (%): C 50.66, H 6.76, N 13.43. Found (%): C
50.57, H 6.51, N 13.34.

6(a). Preparation of |
H-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH

1.84 Grams of Z-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH
was suspended in a mixture of 30 ml of methanol with
30 ml of 10%-acetic acid, and a small amount of palla-
dium black was added to the suspension and stirred for
13 hours under introducing hydrogen gas. After the
reaction was completed, the catalyst was removed by
suction filtration to obtain the filtrate. Then filtrate was
distilled under a reduced pressure and the thus obtained

residue was pured into water and then lyophilized to
obtain the desired product.

Rf%; 0.09

Rf: 0.53
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6(b). Preparation of
Boc-Glu(Ole) Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH

H-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH obtained in
the above-mentioned step 6(a) was dissolved in 20 ml of
dimethylformamide, then 0.51 ml of triethylamine was
added thereto under ice-cooling condition, further 0.95
g of Boc-Glu(OBzl)-ONHS was added thereto and the
whole mixture was stirred at a room temperature for 24
hours. Dimethylformamide was removed by distillation
under a reduced pressure, the residue thus obtained was
extracted with n-butanol being saturated with water,
then the butanol layer was washed 5 times with water
being saturated with n-butanol. The butanol layer was
subjected to distillation under a reduced pressure, the
restdue thus obtained was solidified by adding ethyl
ether, then reprecipitated from methanol-ethyl acetate
to obtain 1.70 g of the desired product.

Rfl: 0.42

Rf1; 0.60

Elemental analysis (for Cs3HgiN110O13S. 2H20) Cal-
culated (%): C 51.82, H 6.97, N 12.55. Found (%): C
51.27, H 6.58, N 12.47.

| 7(a). Preparation of
Boc-Glu-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH

150 Milligrams of Boc-Glu(OBzl)-Ser-Leu-Arg-Ser-
Lys(Tos)-Glu-OH was dissolved in a mixture of 30 ml
of methanol with 30 ml of 10%-acetic acid, to this solu-
tion was added a small amount of palladium black and
stirred for 18 hours under the conditions of introducing
hydrogen gas. After completion of the reaction, the
catalyst was removed by suction filtration, the filtrate
was subjected to distillation under a reduced pressure,
the residue thus obtained was added water and was
lyophilized to obtain the desired product.

7(b). Preparation of
H-Glu-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH

‘Boc-Glu-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH  ob-
tained in the above-mentioned step 7(a) was dissolved in
tetrahydrofuran, and the solution was allowed to stand
at a room temperature for 15 minutes. 30 Milliliters of
anhydrous ether was added to the solution, the precipi-
tate thus formed was collected by filtration, washed
with anhydrous ether, then the precipitate was dried
under a reduced pressure in a desiccator containing
potassium hydroxide-phosphorus petoxide as the desic-
cant, to obtain the desired product.

7(c). Preparation of
H-Glu-Ser-Leu-Arg-Ser-Lys-Glu-OH

H-Glu-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH obtained
in the above-mentioned step 7(b) was dissolved in liquid
ammonia being dried with metallic sodium previously,
then small pieces of metallic sodium were added to the
solution under stirring condition until the color of the
reaction mixture is changed to blue and kept it for 30
seconds to 1 minute. Further crystals of NH4Cl were
added to the reaction mixture, an excess metallic so-
dium was neutralized, after ammonia was removed
completely by distillation at a room temperature, the
reaction product was subjected to gel-filtration on Se-
phadex G-25 gel by using 50%-acetic acid as the eluting
solvent to obtain 58 mg of the desired product. Herein-
after, this product is referred to as [Peptide E].

Rf?: 0.04

Rf/; 0.34
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Elemental analysis (for C3gHgiN11014.CoH40».3-

H>0): Calculated (%): C 44.95, H 7.44, N 16.02. Found
(%): C 45.05, H 7.11, N 15.84.

8(a). Preparation of H-Gln-NHNHBoc

16.00 Grams of Z-Gin-NHNHBoc was suspended in
100 ml of methanol, a small amount of palladium black
was added thereto and stirred for 18 hours under the
condition of introducing hydrogen gas. After comple-
tion of the reaction, the catalyst was removed by suc-
tion filtration, the filtrate was subjected to distillation
under a reduced pressure, the residue thus obtained was
dried under a reduced pressure in a desiccator to obtain
the desired product. |

Rf7; 0.37

Rff1; 0.58

8(b). Preparation of Z-Leu-GIn-NHNHBoc

'H-GIn-NHNHBoc obtained in the above-mentioned
step 8(a) was dissolved in 50 ml of tetrahydrofuran, and
J.51 g of Z-Leu-ONHS was added thereto under ice-
cooling condition, then the reaction mixture was stirred
at a room temperature for 18 hours. Tetrahydrofuran
was removed by distillation under a reduced pressure,
the residue obtained was extracted with ethyl acetate,
then the ethyl acetate layer was washed with 1N-citric
acid, a saturated aqueous solution of sodium chloride, a

saturated aqueous solution of sodium hydrogencarbon-

ate and a saturated aqueous solution of sodium chloride
in this order, and the washed ethyl acetate layer was
dried with anhydrous sodium sulfate, then ethyl acetate
was removed by distillation. The oily residue obtained
was solidified by adding ethyl ether, and the solid sub-
stance was reprecipitated from methanol-ethyl ether to
obtain 6.04 g of the desired product.

Rf7: 0.81

Rf; 0.86 - | -

Elemental analysis (for C;4H37Ns0O7): Calculated
(%): C 56.79, H 7.35, N 13.80. Found (%): C 56.67, H
7.15, N 13.75.

9(a). Preparation of H-Leu-Gln-NHNHBoc

2.79 Grams of Z-Leu-GIln-NHNHBoc was suspended'

in 80 ml of methanol, a small amount of palladium black
was added to this suspension and the suspension was
stirred for 32 hours under the condition of introducing
hydrogen gas. After completion of the reaction, the
catalyst was removed by suction filtration, the filtrate
was subjected to distillation under a reduced pressure,
the residue obtained was dried under a reduced pressure
In a desiccator to obtain the desired product.

Rf7: 0.33

Rffl: 0.66

9(b). Preparation of Z-Asn-Leu-GIn-NHNHBoc

H-Leu-GIln-NHNHBoc obtained in the above-men-
tioned step 9(a) was dissolved in 30 ml of dimethylform-
amide, the solution was cooled under stirring condition.

On the other hand, 1.61 g of Z-Asn-OH was dissolved
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in 30 ml of tetrahydrofuran, to this solution 0.62 ml of 60

N-methylmorpholine was added and was cooled to
—15° C., then 0.80 ml of isobutyl chloroformate was
added dropwise thereto under stirring condition. 30
Seconds after the addition of isobutyl chloroformate,
the dimethylformamide solution of H-Leu-Gln-
NHNHBoc as prepared previously was added thereto,
the whole mixture was stirred at 0° C. for 5 minutes,
next at 40° C. for 1 minute in water bath, further at 15°

65
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C. for 30 minutes. From the reaction mixture tetrahy-
drofuran and dimethylformamide were removed by
distillation under a reduced pressure, the residue thus
obtained was extracted with ethyl acetate. The extract
was washed with 1N-citric acid, a saturated aqueous
solution of sodium chloride, a saturated aqueous solu-
tion of sodium hydrogencarbonate and a saturated
aqueous solution of sodium chloride in this order, then
was dried with anhydrous sodium sulfate, and ethyl
acetate was removed by distillation. The oily residue
obtained was solidified by adding ethyl ehter, re-
precipitated from methanol-ethyl acetate to obtain 2.55
g of the desired product. |

Rf7; 0.63 |

Rf: 0.77

Elemental analysis (for C;3H43N7Q9): Calculated
(%): C 53.10, H 6.97, N 15.77. Found (%): C 53.67, H
6.63, N 15.68. -

10(a). Preparation of Z-Thr-ONHS

1.28 Grams of Z-Thr-OH was dissolved in 30 ml of
tetrahydrofuran, to this solution was added 0.58 g of
N-hydroxysuccinimide (NHS), ice-cooled the mixture,
then 1.05 g of N,N-dicyclohexylcarbodiimide (DCC)
was added to the mixture. The whole mixture was
stirred at 4° C. for 24 hours, the precipitate formed was
removed by filtration, the filtrate was subjected to dis-
tillation under a reduced pressure, to the residue ob-
tained was added ethy! ether, and washed by decanta-
tion. The oily substance obtained was dried under a
reduced pressure in a desiccator to obtain the desired
product. |

10(b). Preparation of H-Asn-Leu-Gln-NHNHBoc

2.43 Grams of Z-Asn-Leu-Gln-NHNHBoc was sus-
pended in 80 ml of methanol, a small amount of palla-

~dium black was addéd_to the suspension, and the suspen-

sion was stirred for 18 hours under the condition of
introducing hydrogen gas. After completion of the
reaction, the catalyst was removed by suction filtration,
the filtrate was subjected to distillation under a reduced
pressure to remove the solvent, the residue obtained
was dried under a reduced pressure in a desiccator to
obtain the desired product. . |

Rf7: 0.31

Rf; 0.64

10(c). Preparation of Z-Thr-Asn-Leu-GIn-NHNHBoc

H-Asn-Leu-GIn-NHNHBoc obtained in the above-
mentioned step 19(b) was dissolved in 30 ml of dimeth-
ylformamide, to this solution was added 20 ml of the
dimethylformamide solution of Z-Thr-ONHS obtained
in the above-mentioned. step 10(a) under a ice-cooled
condition, the whole mixture was stirred at a room
temperature for 18 hours. Dimethylformamide was
removed by distillation under a reduced pressure, the
residue obtained was solidified by adding 1N-citric acid,
and reprecipitated from methanol-ethyl acetate to ob-
tain 2.12 of the desired product.

Rf%: 0.82

Rf/; 0.79 S

Elemental analysis (for C32Hs5oNgOq1): Calculated
(%): C 53.18, H 6.97, N 15.50. Found (%): C 52.85, H
6.95, N 15.28.
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11(a). Preparation of Z-Thr-Asn-Leu-Gln-NHNH}

0.91 Gram of Z-Thr-Asn-Leu-Gin-NHNHBoc was
dissolved in 8§ ml of TFA, and was allowed to stand at

a room temperature for 15 minutes. 80 Milliliters of 5

anhydrous ether was added to this solution and the
precipitate formed was collected quickly by filtration,
washed with anhydrous ether, then was dried under a
reduced pressure in a desiccator containing potassium
hydroxide-phosphorus pentoxide as the desiccant, to

obtain the desired product.
Rff: 0.34

11(b). Preparation of

H-Glu(OBzl)-Ser-Leu-Arg-Ser-Lys-Lys(Tos)-Glu-OH '

1.00 Gram of Boc-Glu(OBzl)-Ser-Leu-Arg-Ser-Lys(-
Tos)-Glu-OH was dissolved in 8 ml of TFA, and was
allowed to stand at a room temperature for 15 minutes.
80 Milliliters of anhydrous ether was added to this solu-
tion and the precipitate formed was collected quickly
by filtration, washed with anhydrous ether, then dried
under a reduced pressure in a desiccator containing
potassium hydroxide-phosphorus pentoxide as the des-

iccant, to obtain the desired product.
Rfl: 0.24

Rfl; 0.44

11{c). Preparation of
Z-Thr-Asn-Leu-Gin-Glu(OBzl)-Ser-Leu-Arg-Ser-
Lys(Tos)-Glu-OH

Z-Thr-Asn-Leu-Gin-NHNH; obtained in the above-
mentioned step 11(a) was dissolved in 10 ml of dimeth-
ylformamide, further 0.63 ml of 6N-hydrochloric acid/-
dicxane was added thereto, then the mixture was cooled
to —15° C., and 0.17 ml of isoamyl nitrite was added to
the mixture under stirring condition. After the reaction
mixture shows a negative reaction in hydrazine-test,
0.53 ml of triethylamine with 0.40 ml of cold dimethyl-
formamide solution was added drop by drop in small
amount to neutralize the reaction mixture. This solution
containing azide compound was added to 10 ml of a
cold dimethylformamide solution containing H-Glu-
(OBzl)-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH obtained in
the above-mentioned step 11(b) and 0.24 ml of triethyl-
amine, the whole mixture was reacted at —10° to —15°
C. for 2 hours, next at 4° C. for 18 hours under stirring
condition. Further, as similar to the procedure in the
above-mentioned step 11(a), the product obtained by
treating 1.16 g of Z-Thr-Asn-Leu-GIn-NHNHBoc with
TFA was added to the above-mentioned reaction prod-
uct and reacted at the same temperature for 24 hours
with stirring condition. Dimethylformamide was re-
moved by distillation under a reduced pressure, the
residue obtained was extracted with n-butanol being
saturated with water, washed with water being satu-
rated with n-butanol 5 times, then the extract was sub-
jected to distillation under a reduced pressure. The
residue obtained was solidified by adding ethyl ether,
reprecipitated from methanol-ethyl acetate, further the

precipitate was washed with a hot methanol to obtain
the desired product.

11(d). Preparation of
H-Thr-Asn-Leu-Gln-Glu-Ser-Leu-Arg-Ser-Lys(Tos)-
Glu-OH

Z-Thr-Asn-Leu-Gln-Glu(OBzl)-Ser-Leu-Arg-Ser-
Lys(Tos)-Glu-OH obtained in the above-mentioned

step 11(c) was suspended in a mixture of 50 ml of metha-

10

15

20

235

30

35

45

50

53

60

65

42

nol with 50 ml of 309%-acetic acid, and small amount of
palladium black was added to the suspension, and was
stirred for 18 hours under the condition of introducing
hydrogen gas. After completion of the reaction, the
catalyst was removed by suction filtration, the filtrate
was subjected to distillation under a reduce pressure,
after methanol was removed completely by distillation,
the concentrated liquor obtained was subjected to gel-
filtration by Sephadex G-25 using 50%-acetic acid as
the eluting solvent, for collecting the desired franction
to obtain 740 mg of the objective product.

Rfl; 0.17

Rf/: 0.35

Elemental analysis (for CgeHo9N17023.C2H407.2-
H,0): Calculated (%): C 48.91, H 7.08, N 15.64. Found
(%): C 48.82, H 6.63, N 15.74.

12. Preparation of
H-Thr-Asn-Leu-Gln-Glu-Ser-Leu-Arg-Ser-Lys-Glu-
OH

51.0 Milligrams of H-Thr-Asn-Leu-Giln-Glu-Ser-
Leu-Arg-Ser-Lys(Tos)-Glu-OH was dissolved in liquid
ammonia being dried with metallic sodium previously,
then small pieces of metallic sodium were added to the
solution under stirring condition until the color of the
reaction mixture is changed to blue and kept it for 30
seconds to 1 minute. Further crystals of NH4Cl were
added to the reaction mixture, an excess metallic so-
dium was neutralized, after ammonia was completely
removed by distillation at a room temperature, the read-
tion product was subjected to gel-filtration with Sepha-
dex G-25 gel by using 50%-acetic acid as the eluting
solvent, for collecting the desired fraction, and the ly-
ophilizing the raction by adding water after concentra-
tion, to obtain 32 mg of the desired product (peptide of
the present invention). Hereinafter, this product is re-
ferred to as [Peptide F).

Rf’: 0.01

Rfll; Q.37 |

Elemental analysis (for Cs3HoiN17021.C2H40.3-
H>0): Calculated (%): C 46.57, H 7.32, N 16.79. Found
(%): C 46.10, H 6.98, N 16.82.

13. Preparation of Z-Leu-Ser-OCH3

1.81 Grams of H-Ser-OCH3.HCl was dissolved in 23
ml of dimethylformamide, the 1.62 ml of triethylamine
was added to the solution and the mixture was ice-
cooled to —10° C. To this mixture was added 4.21 g of
Z-Leu-ONHS with stirring condition, and the reaction
was continued for 18 hours under stirring. Dimethyl-
formamide was removed by distillation, the residue
obtained was extracted with ethyl acetate, the ethyl
acetate layer was washed with water, dried with anhy-
drous sodium sulfate, then ethyl acetate was removed
by distillation under a reduced pressure. The residue
obtained was solidified by adding ethyl ether, re-
precipitated from ethyl acetate-ether to obtain 2.68 g of
the desired product.

Rf’: 0.81

Rff; 0.82

Elemental analysis (for CisH2sN20g): Calculated
(%): C 59.00, H 7.15, N 7.65. Found (%): C 58.62, H
7.03, N 7.65.

14(a). Preparation of H-Leu-Ser-OCH3. HCI

4.20 Grams of Z-Leu-Ser-OCHj3 was suspended in a
mixture of 40 ml of methan-1 with 11.46 ml of IN-
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hydrochloric acid, then a small amount of palladium

- black was added to the suspension, stirred for 18 hours

under the condition of introducing hydrogen gas. After
completion of the reaction the catalyst was removed by
suction filtration, the filtrate was subjected to distilla-
tton under a reduced pressure, further to the residue
obtained was added water and distillation under a re-
duced pressure were repeated 3 times. The residue thus
obtained was dried under a reduced pressure in a desic-

cator containing phosphorus pentoxide as the desiccant

to obtain the desired product.
Rf7; 0.38

14(b). Preparation of Z-Ser-Leu-Ser-OCH3

~ 3.19 Grams of Z-Ser-NHNH; was dissolved in 25 ml
of dimethylformamide, and 6.30 ml of 6N-hydrochloric
acid/dioxane was added to the solution, cooled to —15°
C., then 1.69 ml of isoamyl nitrite was added thereto.
After the reaction mixture shows a negative reaction in
hydrazine-test, 1.76 ml of a cold dimethylformamide
solution with 5.29 ml of triethylamine was added drop

by drop in small amount to neutralize the reaction mix-

ture. This reaction mixture containing an azide product
was added to 20 ml of a cold dimethylformamide solu-
tion containing H-Leu-Ser-OCH3.HCI obtained in the
above-mentioned step 14(a) and 1.60 ml of triethylam-
ine, and the whole mixture was stirred at —10° to —15°
C. for 2 hours, next at 4° C. for 18 hours. Dimethylform-
amide was removed by distillation under a reduced
pressure, the residue obtained was solidified by adding

water, reprecipitated from methanol-ethyl acetate to

obtain 4.11 g of the desired product.

Rfl: 0.76

Rfll: 0,79

Elemental analysm (for C21H31N303) Calculated
(%): C 55.62, H 6.89, N 9.27. Found (%) C 55.48, H
6.92, N 9.18. |

15. Preparation of Z-Ser-Leu-Ser-NHNH>
2.00 Grams of Z-Ser-Leu-Ser-OCH3 was dissolved in

40 ml of methanol, then 1.10 ml of 100%-NH,NH,.H,O

was added to the solution under ice-cooled condition,
and the reaction mixture was allowed to stand at a room
temperature for 18 hours. After completion of the reac-
tion, the solvent was removed by distillation under a
reduced pressure, and the residue obtained was solidi-
fied by adding ether, then an excess of NH,NH>.H>O
was removed by adding water, then reprecipitated from
methanol-ethyl acetate to obtain 1.91 g of the desired
product.

Rfl: 0.43

Rf!: 0.73 |

Elemental analysis (for CyoH31Ns5O7): Calculated
(%): C 52.97, H 6.89, N 15.44. Found (%): C 52.85, H
6.70, N 15.44. |

16(a). Preparation of
Z-Ser-Leu-Ser-Thr-Asn-Leu-Gln-Glu- Ser—Leu-Arg-
Ser-Lys(Tos)-Glu-OH

70.42 Milligrams of Z-Ser-Leu-Ser-NHNH, was dis-
solved in 5 m] of dimethylformamide, to this solution
was added 0.78 ml of 10 times diluted-dimethylforma-
mide solution of 6N-hydrochloric acid/dioxane, then
the mixture was cooled to —15° C., and 0.20 ml of a
10-fold diluted-dimethylformamide solution of isoamyl
nitrite under stirring. After the reaction mixture shows
a negative reaction in hydrazide-test, 0.65 ml of 10-fold
diluted-dimethylformamide solution of triethylamine
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was added drop by drop in a small amount to neutralize
the reaction mixture. This reaction mixture containing
azide product was added to 5 ml of a cold dimethyl-
formamide solution containing 151 mg of H-Thr-Asn-
Leu-GIn-Glu-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH and
0.29 ml of 10 times-diluted dimethylformamide solution
of triethylamine, then the whole mixture was stirred at
—10° to —15° C. for 2 hours, next at 4° C. for 18 hours.
Further 117.36 mg of Z-Ser-Leu-Ser-NHNH; was
added thereto and was reacted for 24 hours.

Dimethylformamide was removed by distillation
under a reduced pressure, the residue obtained was
extracted with n-butanol being saturated with water,
then the extract was washed 10 times with water being
saturated with n-butanol, further washed 5 times with
2%-acetic acid being saturated with n-butanol, the ex-
tract was subjected to distillation under a reduced pres-
sure, to the residue obtained was added water.and sub-

Jected to distillation under a reduced pressure, after

n-butanol was removed by distillation completely, the
product was lyophilized, then the lyophilized product
was reprecipitated from ethyl acetate-ether to obtain
the desired product.

16(b). Preparation of
H-Ser-Leu- Ser-Thr-Asn-Leu-Gln-Glu-Ser-Leu-Arg-
Ser-Lys-Glu-OH

150 Milligrams of Z-Ser-Leu-Ser-Thr-Asn-Leu-Gln-

10 Glu-Ser-Leu-Arg-Ser-Lys(Tos)-Glu-OH was dissolved

In liquid ammonia previously dried with metallic so-
dium, then small pieces of metallic sodium were added
to the solution under stirring condition until the color of
the reaction mixture is changed to blue and kept it for 30
seconds to 1 mmute. Further crystals of NH4Cl were
added to the reaction mixture, an excess metallic so-
dium was neutralized, after ammonia was removed
completely by distillation at a room temperature, the
reaction product was subjected to gel-filtration with
Sephadex G-25 gel by using 50%-acetic acid as the
eluting solvent, collecting the desired fraction and ly-
ophilizing the desired fraction by adding water after
concentration, to obtain 94 mg of the desired product
(peptide of the present invention). Herelnafter, this
product is referred to as [Peptide G]. o
Rf7: 0.02
Rf: 0.39 | |

~ Elemental analysis (for C65H120N20026 CyH40s.-
H>0): Calculated (%): C 48.19, H 7.24, N 16.78. Found
(%): C 47.93, H 6.93, N 1649

17(a). Preparation of Z—Tyr-OSu

1.04 Grams of Z-Tyr-OH was dissolved in 30 ml of
tetrahydrofuran, to this solution 0.38 g of N-hydrox-
ysuccinimide was added, then the reaction mixture was
ice-cooled, 0.68 g of dicyclohexylcarbodiimide was
added under ice-cooled ‘condition, and the whole mix-
ture was stirred at 4° C. for 18 hours. The precipitate
formed was removed by suction filtration, the filtrate
was subjected to distillation under a reduced pressure,
to the residue obtained was added ethyl ether and petro-
leum ether and was decanted then dried to obtain the
desired product. |

17(b). Preparation of H-Ser-Leu-Ser-OCH3

1.00 Gram of Z-Ser-Leu-Ser-OCHj3 obtained in the
above-mentioned step 14(b) was suspended in 20 ml of
methanol with 20 ml of 10%-acetic acid, then a small
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amount of palladium black was added to the suspension,
and the suspension was stirred for 14 hours under the
condition of introducing hydrogen gas. After comple-
tion of the reaction, the catalyst was removed by suc-
tion filtration, the filtrate was subjected to distillation
under a reduced pressure, then water was added to the
residue and lyophilized to obtain the desired product.

Rfl: 0.35

Rf1; 0.65

17(c). Preparation of Z-Tyr-Ser-Leu-Ser-OCHjx

H-Ser-Leu-Ser-OCH3 obtained in the above-men-
tioned step 17(b) was dissolved in 10 ml of diemthylfor-
mamide, and 0.31 ml of triethylamine was added thereto
under ice-cooled condition, to this mixture was added a
cold dimethylformamide solution of Z-Tyr-OSu ob-
tained in the above-mentioned step 17(a) under stirring
condition. The whole mixture was stirred at a room
temperature for 18 hours, then dimethylformamide was
removed by distillation under a reduced pressure, the
residue was solidified by adding water, reprecipitated
from methanol-ether, then from methanol-ethyl acetate
to obtain 1.08 g of the desired product. |

Rf7: 0.78

Rf1; 0.82

Elemental analysis (for C3pH4oN4QO1g): Calculated
(%): C 58.43, H 6.54, N 9.09. Found (%): C 58.14, H
6.58, N 9.16. |

17(d). Preparation of Z-Tyr-Ser-Leu-Ser-NHNH,

1.00 Gram of Z-Tyr-Ser-Leu-Ser-OCH3z was dis-
solved in methanol, then under ice-cooled condition,
0.82 ml of 100%-NH>NH,.H,O was added thereto and
the iixture was allowed to stand at a room temperature
tor 18 hours. Methanol was removed by distillation
under a reduced pressure, the residue was solidified by
adding ethyl ether, then washed with water to remove
an excess of NHoNH».H,0, reprecipitated from me-
thanol-ether, washed with a hot methanol to obtain 0.81
g of the desired product.

Rf7: 0.45

Rfil: 0.76

Elemental analysis (for Cy9H4oN¢O9): Calculated

(%): C 56.48, H 6.54, N 13.63. Found (%): C 56.12, H
6.57, N 13.58.

~ 13(a). Preparation of
Z-Tyr-Ser-Leu-Ser-Thr-Asn-Leu-Glin-Glu-Ser-Leu-
Arg-Ser-Lys(Tos)-Glu-OH

42.3 Milligrams of Z-Tyr-Ser-Leu-Ser-NHNH, was
dissolved in 4 ml of dimethylformamide, further 0.34 ml
of 10-hold diluted-dimethylformamide solution of 6
NOhydrochloric acid/dioxane was added thereto, and
the mixture was cooled to —15° C., then 0.091 ml of
10-hold diluted-dimethylformamide solution of 1soamyl
nitrite was added with stirring. After the reaction mix-
ture shows a negative reaction in hydrazine-test, 0.29 ml
of 10-hold diluted-dimethylformamide solution of tri-
ethylamine was added drop by drop in small amounts to
neutralize the reaction mixture. This reaction mixture
containing azide product was added to 4 ml of a cold
dimethylformamide solution containing 50.0 mg of H-
Thr-Asn-Leu-Gln-Glu-Ser-Leu—Arg-Ser-Lys(Tos)-
Glu-OH and 0.1 mi of 10-fold diluted-dimethylforma-
mide solution of triethylamine, then the whole mixture
was stirred at —10° to —15° C. for 2 hours, next at 4° C.
for 18 hours. Further, a product being converted 42.3
mg of Z-Tyr-Ser-Leu-Ser-NHNH, into an azide was
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added thereto and was reacted for 24 hours. Dimethyl-
formamide was removed by distillation under a reduced
pressure, the residue obtained was extracted with 30 m]
of n-butanol being saturated with water, the extract was
washed 10 times with water being saturated with n-
butanol, next washed 5 times with 2%-acetic acid being
saturated with n-butanol. The organic layers were col-
lected and subjected to distillation under a reduced
pressure to remove n-butanol, then the residue was

lyophilized, reprecipitated from ethyl acetate-ether to
obtain the desired producit.

18(b). Preparation of
H-Tyr-Ser-Leu-Ser-Thr-Asn-Leu-Gln-Glu-Ser-Leu-
Arg-Ser-Lys-Glu-OH

Z-Tyr-Ser-Leu-Ser-Thr-Asn-Leu-Gln-Glu-Ser-Leu-
Arg-Ser-Lys(Tos)-Glu-OH was dissolved in liquid am-
monia previously dried with metallic sodium, then small
pieces of metallic sodium were added to the solution

~with stirring until the color of the reaction mixture is

changed to blue and kept it for 30 seconds to 1 minute.
Further, crystals of NH4Cl were added to the reaction
mixture to neutralize an excess metallic sodium, after
ammonia was completely removed by distillation at a
room temperature, the reaction product was subjected
to gel-filtration with Sephadex G-25 gel by using 50%-
acetic acid as the eluting solvent to obtain 33 mg of the
desired product. Hereinafter, this product is referred to
as [Peptide H].

Rf’: 0.02

Rf; Q.35

Elemental analysis (for C74H123N210728.CoH405.4-
H>0): Calculated (%): C 47.71, H 7.30, N 15.79. Found
(%): C 47.32, H 7.24, N 15.82.

PREPARATIVE EXAMPLE C

REFERENCE EXAMPLE 1
Preparation of Z-Ser-Ser-OMe

5.06 Grams of Z-Ser-NHNH, was dissolved in 50 ml
of dimethylformamide with 6.66 mi of 6N-hydrochloric
acid/dioxane, the solution was cooled to — 15° C. then
2.68 ml of isoamyl nitrite was added thereto, and the
mixture was stirred for 5 minutes. Next, 5.60 ml of
triethylamine was added to neutralize the reaction
mixture. This reaction mixture was added to 30 mil of
dimethylformamide solution containing 3.11 g of H-
Ser-OMe.HC1 and 2.80 ml of triethylamine, then this
mixture was stirred at 4° C. for 20 hours. Dimethylfor-
mamide was removed by distillation, the residue ob-
tained was extracted with ethyl acetate, the extract was
washed with water and was dried with anhydrous
sodtum sulfate. After removal of ethyl acetate by distil-
lation, the residue was crystallized by adding ether,

reprecipitated from ethyl acetate-ether to obtain 3.75 g
of Z-Ser-Ser-OMe.

Rfl; 0.64
Rfil; 0,77
Elemental analysis (for Ci5Hy0N207): Calculated

(%): C 52.94, H 5.92, N 8.23. Found (%): C 52.67, H
>.89, N 8.35.

REFERENCE EXAMPLE 2
Preparation of Z-Arg(Tos)-Ser-Ser—OMe

2.5 Grams of Z-Ser-Ser-OMe was dissolved in 50 ml
of methanol with 7.34 ml of IN-hydrochloric acid, then
In the presence of 500 mg of palladium black, catalytic
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reduction was carried out at 20° C., under 1 atmo-
spheric pressure of hydrogen gas, to obtain H-Ser-Ser-
OMe.HCL.

Rfl: 0.08

3.39 Grams of Z-Arg(Tos)-OH was dissolved in 40
ml of tetrahydrofuran and 0.75 ml of N-methylmorpho-
line, then the mixture was cooled to — 15° C. and 0.96
ml of isobutyl chloroformate was added thereto and
stirred vigorously for 30 seconds.

H-Ser-Ser-OMe.HC] obtained as above, 20 ml of 10

dimethylformamide and 1.03 mi of triethylamine were
added and stirred for 1 minute, then stirred at 0° C. for

S minutes, further at 40° C. for 2 minute, and at a room

temperature for 15 minutes respectively. After removal
of tetrahydrofuran and dimethylformamide by distilla-
tion, the residue was extracted with ethyl acetate, the
extract was washed 3 times with IN-citric acid, next
washed 5 times with water, and dried with anhydrous
sodium sulfate. The solvent was remove by distillation,
the residue was reprecipitated from methanol-ethyl
acetate to obtain 3.65 g of Z-Arg(Tos)-Ser-Ser-OMe.

Rfl; 0.51

Rfl; 0.73

Elemental analysis (for Ca3H3sNeO10S): Calculated
(%): C 51.68, H 5.88, N 12.91. Found (%): C 51.62, H
5.82, N 12.73.

REFERENCE EXAMPLE 3
Preparation of Z-Arg(Tos)-Ser-Ser-OH

3.5 Grams of Z-Arg(Tos)-Ser-Ser-OMe was dis-
solved in 50 ml of methanol and 10 ml of water, and 8.06
ml of IN-sodium hydroxide was added thereto, the
mixture was stirred at a room temperature for 45 min-
utes, next 7.24 ml of IN-HC! was added to neutralize
the reaction mixture, then methanol was removed by
distillation, and the residue was extracted with n-
butanol. The extract was washed with water, and n-
butanol and water were removed by distillation, the
residue was crystallized by adding ether, reprecipitated
from methanol-ethyl acetate to obtain 2.60 g of Z-
Arg(Tos)-Ser-Ser-OH.

Rf?: 0.28

Rfll; 0,57

Elemental analysis (for C27H36NsO108.3H20): Calcu-
lated (%): C 50.22, H 5.77, N 13.02. Found (%): C50.24,
H 5.62, N 13.20.

REFERENCE EXAMPLE 4
Preparation of H-Arg(Tos)-Ser-Ser-OH

1.35 Grams of Z-Arg(Tos)-Ser-Ser-OH was dissolved
in 50 ml of methanol and 10 m! of 10%-acetic acid, and
the solution was subjected to catalytical reduction in
the presence of 500 mg of palladium at 20° C. under an

atmospheric pressure to obtain H-Arg(Tos)-Ser-Ser-
OH.

Rf/; 0.034

REFERENCE EXAMPLE 5
- Preparation of Z-Asn-Leu-OEt

5.32 Grams of Z-Asn-OH was dissolved in 60 ml of
tetrahydrofuran, 10 ml of dimethylformamide and 2.04
ml of N-methylmorpholine, to this mixture was added
40 ml of a dimethylformamide solution containing 2.64
ml of isobutyl chloroformate, 3.91 g of H-Leu-OEt.HC]
and 2.80 ml of tricthylamine and the reaction was car-
ried out by a procedure similar to that described in
Reference example 2. After removal of the solvent by
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distillation, to the residue obtained was added 1M-citric
acid, the precipitate formed was collected by filtration,
washed with water, dried under a reduced pressure,
then was recrystallized from ethyl acetate to obtain 6.1
g of Z-Asn-Leu-OEt.

Rf% 0.71

R 0.80

Elemental analysis (for CooH20N30¢): Calculated
(%): C 58.95, H 7.17, N 10.31. Found (%): C 58.99, H
7.23, N 10.26. -

REFERENCE EXAMPLE 6
Preparation of Z-Tyr-Asn-Leu-OEt

3.01 Grams of Z-Asn-Leu-OEt was dissolved in 50 ml
of methanol and 7.4 ml of 1N-HCI, the solution was
subjected to catalytical reduction in the presence of 500
mg of palladium black at a room temperature, under an
atmospheric pressure to obtain H-Asn-Leu-OEt.HCI.

Rfl: 0.26

H-Asn-Leu-OEt.HCI thus obtained was dissolved in
50 ml of dimethylformamide and 1.03 m] of triethylam-
ine, then 3.35 g of Z-Tyr-ONHS was added thereto, and
the mixture was allowed to stand at a room temperature
for 20 hours. After removal of dimethylformamide by
distillation, to the residue thus obtained was added 1M-
citric acid aqueous solution, the precipitate was col-
lected by filtration, washed with water, and re-
precipitated from methanol-ethyl acetate to obtain 3.58
g of Z-Tyr-Asn-Leu-OEt.

Rf%; 0.73

Rf/; 0.82

Elemental analysis (for CoH3gN4Og): Calculated

(%): C 61.04, H 6.71, N 9.82. Found (%): C 60.84, H
6.70, N 9.39.

REFERENCE EXAMPLE 7
Preparation of Z-Tyr-Asn-Leu-NHNH;

' 278 Grams of Z-Tyr-Asn-Leu-OEt was dissolved in
30 m! of methanol, further 1.21 ml of hydrazine hydrate
was added to the solution and the mixture was allowed
to stand overnight, the crystals formed were collected
by filtration, then washed with a small amount of meth-
anol to obtain 3.10 g of Z-Tyr-Asn-Leu-NHNH;.

Rf%: 0.56

RfiZ: Q.75

Elemental analysis (for Cz7H3¢NgO7): Calculated
(%): C 58.26, H 6.52, N 15.10. Found (%): C 57.91, H
6.56, N 15.12.

EXAMPLE 1
(2) Preparation of Boc-Leu-Gin-Arg(Tos)-Ser-Ser-OH

0.84 Grams of Boc-Leu-Gin-OH was dissolved in 30
mi of tetrahydrofuran and 0.24 m! of N-methylmorpho-
line, to this solution was added 0.31 ml of isobuty! chlo-
roformate and H-Arg(Tos)-Ser-Ser-OH which was ob-
tained in Reference example 4, and the reaction was
carried out by a method similar to that described in
Reference example 2. After removal of tetrahydrofuran
and dimethylformamide by distillation, the residue ob-
tained was extracted with butanol. The butanol layer
was washed with 20%-acetic acid, then butanol was
removed by distillation, reprecipitated from methanol-
ethyl acetate to obtain 1.54 g of Boc-Leu-Gln-
Arg(Tos)-Ser-Ser-OH.

Rf%: 0.18

Rf{%; 0.57
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Elemental analysis (for C3sH57NgO; 395.H>0): Calcu-
lated (%): C 48.77, H 6.90, N 14.62. Found (%0): C 48.76,
H 6.61, N 14.78. .

(b) Preparation of H-Leu-Gln-Arg-Ser-Ser-OH

1.50 Grams of Boc-Leu-Gln-Arg(Tos)-Ser-Ser-OH
was treated with 10 ml of trifluoroacetic acid at a room
temperature to remove the tert-butoxycarbonyl group
therefrom, dried ether was added to the reaction mix-
ture to crystallize the desired product to obtain H-Leu-
Gln-Arg(Tos)-Ser-Ser-OH.

Rf: 0.04

H-Leu-Gln-Arg(Tos)-Ser-Ser-OH obtained as above
was dissolved in 25 ml of liquid ammonia, and small
pteces of metallic sodium were added to the solution.
When the reaction mixture changes the color in blue, 1
g of dried ammonium chloride was added to the mix-
ture, next ammonia was removed by distillation. The
residue obtained was dissolved in 50%-acetic acid, then
this solution was subjected to gel-filtration with Seph-
dex G-10 (2.2X85 cm, eluting solvent: 50%-acetic
acid), further with LH-20 (2.2 X 80 cm, eluting solvent:
0.00IN-HCI) to obtain a purified product of H-Leu-
Gln-Arg-Ser-Ser-OH.

Hereinafter, this product is referred to as [Peptide I].

RfZ: 0.01

Rf: .34
[alp?0: —42.5° (C=0.230, 0.00IN-HC).
Elemental analysis (for Cy3H43N9O9.4H,0.CH-

3COOH): Calculated (%): C 41.60, H 7.68, N 17.46.
Found (%): C 41.20, H 7.93, N 17.91.

EXAMPLE 2

(a) Preparation of
Z-Phe-Leu-Gln-Arg(Tos)-Ser-Ser-OH

H-Leu-Gln-Arg(Tos)-Ser-Ser-OH obtained in Exam--

ple 1 (b) was dissolved in 30 ml of dimethylformamide
and 0.24 ml of triethylamine, then 0.77 g of Z-Phe-
ONHS was added thereto, and the mixture was allowed
to stand at a room temperature for 20 hours. After re-
moval of dimethylformamide by distillation, the residue
was extracted with butanol, and the extract was washed
with 2%-acetic acid. The butanol layer was concen-
trated, and the concentrate obtained was crystallized by
adding ether, the crystals were collected by filtration
and washed with a hot ethanol to obtain 1.40 g of Z-
Phe-Leu-Gln-Arg(Tos)-Ser-Ser-OH.

Rf’: 0.22

Rf#; 0.59

Elemental analysis (for C47He4N10014S.H>0): Calcu-
lated (%): C 54.12, H 6.28, N 13.43. Found (%): C 54.42,
H 6.38, N 13.84.

(b) Preparation for H-Phe-Leu-GlIn-Arg-Ser-Ser-OH

20 Milligrams of Z-Phe-Leu-Gln-Arg(Tos)-Ser-Ser-
OH was treated with metallic sodium in liquid ammonia
to remove a group of the formula Z, and a group of the
formula Tos, by a method similar to that described in
Example ! (b), then the reaction mixture was subjected
to a gel-filtration by using Sephadex G-10 (2.2 x 85 cm,
eluting solvent: 10%-acetic acid), then by using 1.H-20
(2.2 X 80 cm, eluting solvent: 0.001N -HC) to obtaine 12
mg of a purified product of H-Phe-Leu-Gln-Arg-Ser-
Ser-OH. Hereinafter, this
tide Jj.

Rf’: 0.01

Rf{; 0.35
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[a]p?%: —37.3° (C=0.249, 0.001N-HC))
Elemental analysis (for C32Hs5oN10010.7H-O.CH-
3COOH): Calculated (%): C 44.24, H 7.64, N 15.17.
Found (%): C 44.27, H 7.10, N 15.60.

EXAMPLE 3

(a) Preparation of
Z-Leu-Gly-Phe-Leu-Gln-Arg(Tos)-Ser-Ser-OH

0.39 Gram of Z-Leu-Gly-NHNH, was dissolved in 5
ml of dimethylformamide and 0.58 ml of 6N HCl/diox-
ane, then a reaction similar to that described in Refer-
ence example 1 was carried out by using 10 ml of a
dimethylformamide solution containing 0.15 ml of iso-
amyl nitrite, 0.49 ml of triethylamine and 1.00 g of H-
Phe-Leu-Gln-Arg(Tos)-Ser-Ser-OH, further an equiva-
lent amount of Z-Leu-Gly-N3 was added to the reaction
mixture and reacted at 4° C. for 20 hours. The reaction
mixture was extracted with butanol, the extract was
washed with 2%-acetic acid, then butanol and acetic
acid were removed by sistillation, the residue was Crys-
tallized from ether. The crystals were collected by fil-
tration and washed with a hot methanol to obtain 0.65 g
of Z-Leu-Gly-Phe-Leu-Gln-Arg(Tos)-Ser-Ser-OH.

RfZ: 0.19

Rf: 0.60

Elemental analysis (for Cs55H78N12016S.H20): Calcu-
lated (%): C 54.44, H 6.64, N 13.85. Found (%): C 54.74,
H 6.66, N 13.98.

(b) Preparation of
H-Leu-Gly-Phe-Leu-Gln-Arg-Ser-Ser-OH

20 Milligrams of Z-1 eu-Gly-Phe-Leu-Gln-Arg(Tos)-
Ser-Ser-OH was treated by a method similar to that

described in Example 1 (b) to remove a group of the
formula Z and to remove a group of the formula Tos,
then the reaction mixture was subjected to a gel-filtra-
tion by using Sephadex G-10 (2.2 X 85 cm, eluting sol-
vent: 10%-acetic acid), and by using LH-20 (2.2. X 80
cm, eluting solvent: 0.001N-HC)), to obtain 11 mg of
H-Leu-Gly-Phe-Leu-GIn-Arg-Ser-Ser-OH. Hereinaf-
ter, this product is referred to as [Peptide K].

Rf7: 0.01

Rf%; 0.40

[a]lp?0: —27.6° (C=0.228, 0.00IN-HCI)

Elemental analysis (for C40HesN12012.6H,O.CH-
3COOH): Calculated (%): C 46.92, H 7.68, N 15.63.
Found (%): C 46.89, H 7.25, N 15.51.

EXAMPLE 4

(a) Preparation of
H-Tyr-Asn-Leu-Leu-Gly-Phe-Leu- gln-Arg(Tos)-Ser-
Ser-OH

600 Milligrams of Z-Leu-Gly-Phe-Leu-Gln-
Arg(Tos)-Ser-Ser-OH was dissolved in 50 ml of metha-
nol and 10 ml of 10%-acetic acid, then the mixture was
subjected to catalytic reduction in the presence of 500
mg of palladium at a room temperature under an atmo-
spheric pressure to obtain H-Leu-Gly-Phe-Leu-Gin-
Arg(Tos)-Ser-Ser-OH.

Rf%: 0.18

420 Milligrams of Z-Tyr-Asn-Leu-NHNH, was dis-
solved in 5 m! of dimethylformamide and 0.37 ml of
6N-HCl/dioxane, then by using 0.10 ml of isoamyl ni-
trite and 0.31 ml of triethylamine, an azide product was
prepared by a method similar to that described in Refer-
ence example 1, the reaction mixture was added to a
mixture of 10 ml of hexamethylphosphoric triamide of
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H-Leu-Gly-Phe-Leu-Gln-Arg(Tos)-Ser-Ser-OH  with
10 ml of dimethylformamide, then the whole mixture
was stirred at 4° C. for 20 hours. Dimethylformamide
was removed by distillation, the residue obtained was
extracted with butanol, the extract was washed with
2% -acetic acid, butanol was removed by distillation,
the residue was crystallized by adding ether. Thus ob-
tained Z-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-
Arg(Tos)-Ser-Ser-OH was dissolved in 30 ml of metha-
nol and 10 ml of 10%-acetic acid, and the solution was
subjected to catalytic reduction in the presence of palla-
dium at a room temperature, under an atmospheric
pressure, the reaction mixture was subjected to a gel-fil-
tration by using Sephdex G-25 (3120 cm, eluting
solvent: 50%-acetic acid) to obtain 650 mg of H-Tyr-
Asn-Leu-Leu-gly-Phe-Ley-Gln-Arg(Tos)-Ser-Ser-OH.

RZ: 0.05

RfH: 0.53

Elemental analysis (for CecHogIN16019S 2H20): Cal-
culated (%): C 53.28, H 6.91, N 15.06. Found (%): C
53.10, H 6.43, N 14.84.

(b) Preparation of
H-Tyr-Asn-Leu-Gly-Phe-Leu-Gln-Arg-Ser-Ser-OH

H-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg(Tos)-
Ser-Ser-OH obtained in Example 4 (a) as above was
treated by a method similar to that described in Exam-
ple 1 (b) to remove a group of the formula Tos, then the
reaction mixture was subjected to gel-filtration by using
Sephadex G-10 (2.2.X85 cm, eluting solvent: 10%-
acetic acid), further using LH-20 (2.2 X80 cm, eluting
solvent: 0.001N-HCI), to obtain 9 mg of a purified prod-
uct of H-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg-Ser-
Ser-OH. Hereinafter, this product is referred to as [Pep-
tide L].

Rf/: 0.01

Rf; 0.42 |

[a]p?0: —24.3° (C==0.078, 0.00I1N-HCI)

Elemental analysis (for Cs9HgaN10017.15H20.CH-
3COOH): Calculated (%): C 45.01, H 7.80, N 13.77.
Found (%): C 45.21, H 7.31, N 14.22.

EXAMPLE 5

(a) Preparation of _
Z-Met-Ser-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-
Arg(Tos)-Ser-Ser-OH

159 Milligrams of Z-Met-Ser-NHNH; was dissolved
in 5 ml of dimethylformamide and 0.21 mi of ON-
HCl/dioxane, then by using 0.055 ml of isoamy! nitrite
and 0.17 ml of triethylamine, an azide product was
prepared by a method similar to that described in Refer-
ence example 1, this reaction mixture was added to a
mixture of 300 mg of H-Tyr-Asn-Leu-Leu-Gly-Phe-
Leu-Gln-Arg(Tos)-Ser-Ser-OH, 5 ml of dimethylform-
amide and 5 ml of hexamethylphosphoric triamide, then
the whole mixture was stirred at 4° C. for 24 hours.
Further, 318 mg of Z-Met-Ser-NHNH; was added
thereto and stirred at 4° C. for 72 hours. By a method
similar to that described in Example 4 (a), purification
was conducted to obtain Z-Met-Ser-Tyr-Asn-Leu-Leu-
Gly-Phe-Leu-Gln-Arg(Tos)-Ser-Ser-OXl.

(b) Preparation of
H-Met-Ser-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg-
Ser-Ser-OH

Z-Met-Ser-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg
Arg(Tos)-Ser-Ser-OH was treated by a method similar
to that described in Example 1 (b) to remove a group of
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the formula Z, and to remove a group of the formula
Tos, then the reaction mixture was subjected to purifi-
cation by using Sephadex G-25 (3X120 cm, eluting
solvent: 50% -acetic acid), further using LH-20 (2 X 85
cm, eluting solvent: 0.001N-HCI), to obtain 119 mg of
H-Met-Ser-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg-
Ser-Ser-OH. Hereinafter, this product is referred to as
[Peptide M].

Rff: 0.01

R 0.45

[a]p?0: —15.7° (C=0.254, 0.001N-HCI)

Elemental analysis (for Ce7HiosN1s 205.5H20.CH-
3COQH): Calculated (%): C 49.75, H 7.26, N 15.13.
Found (%): C 49.80, H 6.92, N 14.91.

Amino acid analysis: Asp: 0.93, Ser: 3.15, Gln: 1.03,
Met: 0.92, Gly: 1.05, Leu: 3.08, Tyr: 1.00, Phe: 0.98,
Arg: 0.96.

~ [Preparation of labelled peptides]
~ Preparative example of labelled peptide-1

H-Tyr-Ser-Asp-Leu-Pro-Gln-Thr-His-Ser Leu-Asn-
Arg-Arg-Ala-Leu-Ile-Leu-Leu-Ala-Gln-OH, 1ie., Pep-
tide D was labelled by a method using Chloramine-T as
follows.

To 20 microliters of 0.5M-phosphate buffer solution
(pH 7.0) containing 5 micrograms of the above-men-
tioned peptide [Peptide D] was added 0.5M-phosphate
buffer solution containing 1 microcurie of Na[!2I] [car-
rier free, New England Nuclear (N.E.N.)], then 20
microliters of 0.5M-phosphate buffer solution contain-
ing 70 mg/m] of Chloramine-T was added. The mixture
was stirred at a room temperature for 30 seconds, the
reaction was terminated by adding 50 microliters of
0.5M-phosphate buffer solution containing 60 mg/ml of
sodium metabisulphite (Na3S20s). Then, to this reaction
mixture was added 100 microliters of cold 1%-sodium
iodide aqueous solution, this reaction mixture was
treated by a Sephdex G-25 column (1.0X 30 cm) (elut-
ing solvent: 0.05M-phosphate buffer, pH 7.4, containing
0.25% of BSA, 10 mM of EDTA and 0.02% of NaN3).
There is obtained the labelled peptide D wherein the
13th and the 14th fractions were labelled with 12°].

Hereinafter, this product is referred to as [12°] labelled-
Peptide D].

Preparative example of labelled peptide-2-

H-Tyr-Ser-Leu-Ser-Thr-Asn-Leu-Gln-Glu-Ser-Leu-
Arg-Ser-Lys-Glu-OH, i.e., Peptide H was labelled by a
method using Chloramine-T as follows.

To 20 microliters of 0.5M-phosphate buffer solution
(pH 7.0) containing 5 micrograms of the above-men-
tioned peptide [Peptide H] was added 0.5M-phosphate
buffer solution containing 1 microcurie of Na[123I] (car-
rier free NLE.N.), then 20 microliters of 0.5M-phosphate
buffer solution containing 70 mg/ml of Chloramine-T
was added. The mixture was stirred at a room tempera-
ture for 30 seconds, the reaction was terminated by
adding 50 microliters of 0.5M-phosphate buffer solution
containing 60 mg/ml of sodium metabisulphite (Naz5-
»0s5). Then, to this reaction mixture was added 100
microliters of cold 1%-sodium iodide aqueous solution,
the reaction mixture was treated by using Sephadex
G-25 column (1.0 X 30 cm) (eluting liquor: 0.05M-phos-
phate buffer solution, pH 7.4, containing 0.25% of BSA,
10 mM of EDTA and 0.02% of NaN3j). There is ob-
tained peptide H being labelled with 1251, Hereinafter,
this product is referred to as [}#°1 labelled-Peptide H].
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Preparative example of labelled peptide-2-2

To 20 microliters of 0.5M-phosphate buffer solution
(pH 7.0) containing 5 micrograms of Peptide H was
added 0.5M-phosphate buffer solution containing |1
millicurie of Na[l25I] (carrier free N.E.N.), then 20
microliters of 0.5M-phosphate buffer solution contain-
ing 70 mg/ml of Chloramine-T was added. The mixture
was stirred at a room temperature for 30 seconds, the
reaction was terminated by adding 50 microliters of
1.5M-phosphate buffer solution containing 60 mg/ml of
sodium metabisulphite (Na2S>0s). Then, to this reaction
mixture was added 100 microliters of cold 1%-sodium
iodide aqueous solution, and was treated by using Se-
phadex G-25 column (1.0X30 cm) (eluting solvent:
0.05M-phosphate buffer solution, pH 7.4, containing
0.25% of BSA, 10 mM of EDTA and 0.02% of NaN3).
There is obtained 125] labelled-Peptide H.

Preparative example of labelled peptide-3

(1)
H-Met-Ser-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg-
Ser-Ser-Oh, i.e., Peptide M was labelled by a method

using Chloramine-T as follows

To 20 microliters of 0.2M-phosphate buffer solution
(pH 7.4) containing 5 micrograms of the above-men-
tioned peptide [Peptide M] was added 0.2M-phosphate
buffer solution containing 1 microcurie of Na[l25]]
(N.E.N.), then 20 microliters of 0.2M-phosphate buffer
solution containing 3.5 mg/ml of Chloramine-T was
added. This mixlure was allowed to stand at a room
temperature for 20 seconds, then the reaction was termi-
nated by adding 50 microliters of 0.2M-phosphate
huffer solution containing 2.4 mg/ml of sodium metabi-
sulphite. The reaction mixture was treated by using
DEAE-Sephadex A-25 column (1.0X30 cm) (eluting
solvent: 0.1M-trishydrochloric acid buffer solution, pH
8.6, containing 0.1% of BSA and 0.01% of NaN3). The
first fraction of the peptide was purified by an ion-ex-
change chromatography to obtain 129 labelled peptide.

Hereinafter, this product is referred to as [12°] labelled
Peptide M].

(2)
H-Met-Ser-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg-
Ser-Ser-OH, i.e., Peptide M was labelled by a method

using Chloramine-T as follows

To 20 microliters of 0.2M-phosphate buffer solution
(pH 7.4) containing 5 micrograms of the above-men-
tioned peptide [Peptide M] was added 0.2M-phosphate
buffer solution containing 1 microcurie of Na[l23]]
(N.E.N.), then 20 microliters of 0.2M-phosphate buffer
solution containing 3.5 mg/ml of Chloramine-T was
added, This mixture was allowed to stand at a room
temperature for 20 seconds, then the reaction was termi-
nated by adding 50 microliters of 0.2M-phosphate
buffer solution containing 2.4 mg/ml of sodium
metadisulphite. The reaction mixture was treated by
using SP-Sephadex C-25 column (1.0X 30 cm) (eluting
solvent: 50 mM-phosphate buffer solution). There is
obtained the above-mentioned Peptide M wherein the
4th fraction was labelled with 1251, Hereinafter, this
product is also referred to as [12°] labelled-Peptide M].

Preparative Example of Labelled Peptide-4

(1) 1 Milligram of peptide C and 1 milligram of
fluorescene isothiocyanate (FITC) were dissolved in
0.2M-sodium borate buffer solution (pH 9.5). After the
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reaction being carried out for 1 hour at a room tempera-
ture, the reaction mixture was treated by silica gel-thin
layer chromatography (TLC) (eluting solvent-
=butanol:acetic acid:water=4:1:5). Isolated spots ob-
tained from the TLC were collected, and were washed
with methanol, then with ethanol, and eluted with
above-mentioned buffer solution (pH 7.8) to obtain 0.3
mg of FITC labelled peptide. Hereinafter, this product
is referred to as [FITC labelled Peptide C].

Rf7; 0.11

Rf1; 0.50

Elemental analysis (for C116H174N32034S.
2CH3;COOH.7H,0): Calculated (%): C 50.77, H 6.96,
N 15.79. Found (%): C 49.99, H 6.85, N 15.50.

(2) 1 Milligram of Peptide C was dissolved in 1 ml of
0.2M-sodium bicarbonate buffer solution (pH 9.5).
Then, 1 mg of tetramethylrhodamine isothiocyanate
(TRITC) was dissolved in the above-mentioned buffer
solution, and was combined with the above-mentioned
peptide solution at 0° C. After completion of the reac-
tion being held at a room temperature for 1 hour, the
reaction mixture was subjected to a silica gel-TLC
(cluting solvent==butanol:acetic acid:water=4:1:5).
Isolated spots obtained from the TLC were collected,
and were washed with the above-mentioned buffer
solution to obtain 0.2 mg of TRITC labelled-peptide.
Hereinafter, this product is referred to as [TRITC la-
belled-Peptide Cl.

Rf’: 0.08 |

Elemental analysis: (for C1o0H184N34033S.
2CH3COOH.7H;0): Calculated (%): C 51.19, H 7.14,
N 16.37. Found (%): C 50.08, H 7.02, N 16.19.

Preparative Exampel of Labelled Peptide-3

(1) 1 Milligram of Peptide G was dissolved in 1 ml of
0.2M-sodium bicarbonate buffer solution (pH=9.5).
Then 1 mg of FITC was added thereto and reacted at
25° C. for 1 hour. After completion of the reaction, the
reaction mixture was subjected to a silica gel-TLC
(eluting solvent=nbutanol:acetic acid:water=4:1:5) to
purify the product and 0.1 mg of FITC labelled-peptide
was obtained. Hereinafter, this product is referred to as
[FITC labelled-Peptide G].

Rf7: 0.13

Rf/; 0.49

(2) 1 Milligram of Peptide G was dissolved in 1 ml of
0.2M-sodium bicarbonate buffer solution (pH-9.5).
Then 1 mg of dichlorotriazinefluorescein was added
there thereto, and the reaction was carried out at 25° C.
for 1 hour. Then the reaction mixture was treated by a
silica gel-TL.C (eluting solvent=butanol:acetic acid:-
water=4:1:5). There is obtained 0.1 mg of a purified
product of DTAF labelled peptide. Hereinafter, this
prodv}lct is referred to as [DTAF labelled-Peptide-G].

Rff: 0.12

Preparative Example of Labelled Peptide-6

(1) 1 Milligram of Peptide M and 1 mg of FITC were
dissolved in 0.2M-sodium bicarbonate buffer 50% v/v
methanol solution (pH-9.5). The reaction was carried
out at a room temperature for 2 hours, then the reaction
mixture was subjected to a silica gel-TLC (eluting sol-
vent=butanol:acetic acid:water=4:1:5). Isolated spots
obtained from the TLC were collected, eluted with
methanol to obtain 0.3 mg of FITC labelled peptide.

Hereinafter, this product is referred to as [FITC la-
belled-Peptide M].
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Rff: 0.16
Rfll; 0,52 :
Elemental analysis (for CggHi17N19025S82.5H0

CH3COOH): Calculated (%): C 52.60, H 6.42, N 12.95.
Found (%); C 52.65, H 6.22, N 12.74. '

(2) 1 Milligram of Peptide M was dissolved in 0.05 ml

of 0.001N-hydrochloric acid, this solution was mixed

with 0.2M-sodium bicarbonate buffer 50% v/v metha-

nol solution (pH=9.5). On the other hand, 1 mg of
TRITC was dissolved in 0.2M-sodium bicarbonate
buffer solution (pH 9.5), then this solution was mixed
with the peptide solution. The reaction was carried out
at a room temperature for 2 hours, then the reaction
mixture was treated by a silica gel-TLC (eluting sol-
vent=butanol:acetic acid:water=4:1:5). Isolated spots
were collected and eluted with methanol to obtain 0.1
mg of TRITC labelled peptide. Hereinafter, this pro-
duce is referred to as [TRITC labelled-Peptlde M]

Rf7; 0.12

Rf1; 0.42 | | |

Elemental analysis (for Cg2H127N21024S:. 5H>O.
CH3COOH): Calculated (5): C 53.12, H 6.69, N 13.84.
Found (%): C 53.20, H 6.51, N 18.80.

[Preparation of antigen]'_ |
PREPARATIVE EXAMPLE 1

5 Milligrams of Peptide-A which was prepared in
Preparative Exampel A-1 of Synthesis of peptide, and
15 mg of bovine serum albumin (hereinafter referred to
as [BSA]) were dissolved in 2 ml of 0.1M-ammonium
acetate buffer solution (pH 7.0). To this solution was
added 0.11 m! of 0.1N-glutaraldehyde solution, and the
mixture was stirred at a room temperature for 5 hours.
Then this reaction mixture was dialyzed with 1 liter of
water at 4° C. for 48 hours. During the dialysis water
was changed 5 times. The dialyzed solution containing
peptideprotein composition was lyophilized to obtain
18 mg of human interferon-a antigen (hereinafter, this
- product 1s referred to as [Antigen o-N-I]).
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This Antigen a-N-I is an antigen in which an average 40

12 moles of the Peptide-A is combined with 1 mole of
BSA.

PREPARATIVE EXAMPLE 2

5 Milligrams of Peptide-8 which was prepared in 45

Preparative Example A-2 of Synthesis of peptide, and
20 mg of BSA were dissolved in 2 ml of 0.1M-
ammonium acetate buffer solution (pH 7.0). To this
solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and the mixture was stirred at a room tempera-
ture for 5 hours. Then this reaction mixture was dia-
lyzed with 1 liter of water at 4° C. for 48 hours. During
the dialysis water was changed 5 times. The dialyzed
solution containing peptide-protein composition was
lyophilized to obtain 23 mg of human interferon-a anti-
gen (hereinafter, this product is referred to as [Antigen
a-N-I1I)). -

This Antigen a-N-II is an antigen in which an aver-

age 9 moles of the Peptide-B is combined with 1 mole of
BSA.

PREPARATIVE EXAMPLE 3

4.5 Milligrams of Peptide-C which was prepared in
Preparative example A-3 of Synthesis of peptide, and 25
mg of BSA were dissolved in 2 ml of 0.1M-ammonium
acetate buffer solution (pH 7.0). To this solution was
added 1.0 ml of 0.1M-glutaraldehyde solution, and the
mixture was stirred at a room temperature for 5 hours.
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Then this reaction mixture was dialyzed with 1 liter of
water at 4° C. for 48 hours. During the dialysis water
was chaned 5 times. The dialyzed solution containing
peptide-protein composition was lyophilized to obtain
27 mg of human interferon-a antigen (hereinafter, this
produce is referred to as [Antigen a-N-III)).

This Antigen a-N-III as an antigen in which an aver-

age 10 moles of the Peptide-C is combined with 1 mole
of BSA.

PREPARATIVE EXAMPLE 4

5 Milligrams of Peptide-D which was prepared in
Preparative Example A-4 of Synthesis of peptide, and
25 mg of BSA were dissolved in 2 ml of 0.1M-
ammonium acetate buffer solution (pH 7.0). To this
solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and the mixture was stirred at a room tempera-
ture for 5 hours. Then this reaction mixture was dia-
lyzed with 1 liter of water at 4° C. for 48 hours. During
the dialysis water was changed 5 times. The dialysed
solution containing peptide-protein composition was
lyophilized to obtain 28 mg of human interferon-a anti-
gen (hereinafter, this pr product is referred to as [Anti-
gen a-N-IV])). | |

- This Antigen a-N-IV is an antigen in which an aver-
age 9 moles of the Peptide-D is combined with 1 mole
of BSA.

PREPARATIVE EXAMPLE S

4.5 Milligrams of Peptide-C which was prepared in
Preparative Example A-3 of Synthesis. of peptide, and
25 mg of BSA were dissolved in 4 ml of water. To this
solution was added 200 mg of dicyclohexylcarbodi-
imide (DCC), and the mixture was stirred at a room
temperature for 5 hours. Then this reaction mixture was
dialyzed with 2 liters of water at 4° C. for 48 hours.
During the dialysis water was changed 5 times. The
dialysed solution containing peptide-protein composi-

tion was lyophilized to obtain 27.5 mg of human inter-

feronantigen (hereinafter, this product is referred to as
[Antigen a-N-V}).
This Antigen a-N-V is an antlgen In whleh an aver-

age 12 moles of the Peptide-C i1s combmed with 1 mole
of BSA.

PREPARATIVE EXAMPLE 6

4.5 Milligrams of Peptide-D which was prepared in
Preparative Example A-4 of Synthesis of peptide, and
25 mg of BSA were dissolved in 4 ml of water. To this
solution was added 200 mg of dicyclohexylcarbodi-
imide (DCC)), and the mixture was stirred at a room
temperature for 5 hours. Then this reaction mixture was
dialyzed with 2 liters of water at 4° C. for 48 hours.
During the dialysis water was changed 5 times. The
dialysed solution containing peptide-protein composi-
tion was lyophilized to obtain 29 mg of human interfer-
on-a antigen (hereinafter, this product is referred to as
[Antigen a-N-VI)).

Thus obtained Antigen a-N-VT1 is an antigen in which

an average 9 moles of the Peptide-D is comblned with 1
mole of BSA.

PREPARATIVE EXAMPLE 7

> Milligrams of Peptide-E which was prepared in
Preparative Example B-7 (c) of Synthesis of peptide,

and .15 mg of BSA were dissolved in 2 ml of 0.1 M-
ammonium acetate buffer solution (pH 7.0). To this
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solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and the mixture was stirred at a room tempera-
ture for 5 hours. Then this reaction mixture was dia-
lyzed with 1 liter of water at 4° C. for 48 hours. During
the dialysis, water was changed 5 times. The dialyzed
solution containing peptide-protein composition was
lyophilized to obtain 15 mg of human interferon-a anti-

gen (hereinafter, this product is referred to as [Antigen
a-C-I)).

This Antigen-a-C-I is an antigen in which an average 10

10 moles of the Peptide-E is combined with 1 mole of
BSA.

The combination ratio of Peptide-E to BSA 1in the
Antigen a-C-I was calculated as follows, in that, after
confirming the absence of either unreacted BSA or
unreacted Peptide-E in the Antigen a-C-I by subjecting
to additional ge-filtration using Sephadex G-50 (eluting
solvent: phsiological saline solution; determination: OD
280 nm; eluting velocity: 3 ml/hour; separating amount:
1 milliliter each), then separating and determining the
amount of a fraction of Peptide-E being combined with
BSA (a peptide-protein composition), and a fraction of
other product (a dimer of Peptide-E) respectively, pre-
paring a calibration curve of the standard concentration
of said dimer of Peptide-E for the purpose of determin-
ing the amount of the dimer, substrating the amount of
the dimer from the amount of the Peptide-E which was
used as the starting material, the substracted value of
the amount of the Peptide-E is considered as all the
amount of the Peptide-E being combined with BSA.

The combination ratio of a synthetic peptide to BSA
In each of antigens obtained in the respective prepara-

tive examples in the present invention is calculated
similarly.

PREPARATIVE EXAMPLE 8

> Milligrams of Peptide-F which was prepared in
Preparative Example B-12 of Synthesis of peptide, and
5 mg of BSA were dissolved in 2 ml of 0.1M-ammonium
acetate buffer solution (pH 7.0). To this solution was
added 0.11 ml of 0.1M-glutaraldehyde solution, and the
mixture was stirred at a room temperature for 5 hours.
Then this reaction mixture was dialyzed with 1 liter of
water at 4° C. for 48 hours. During the dialysis, water
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was changed 5 times. The dialyzed solution containing 45

peptide-protein composition was lyophilized to obtain 9
mg of human interferon-a antigen (hereinafter, this
product is referred to as [antigen a-C-II]).

This Antigen a-C-II is an antigen in which an aver-

age 9 moles of the Peptide-F is combined with 1 mole of
BSA.

PREPARATIVE EXAMPLE 9

> Milligrams of Peptide-G which was prepared in
Preparative Example B-16 (b) of Synthesis of peptide,
and 25 mg of BSA were dissolved in 4 m! of water. To
this solution was added 200 mg of dicyclohexylcarbodi-
imide (DCC), and the mixture was stirred at a room
temperature for 5 hours. Then this reaction mixture was
dialyzed with 2 liters of water at 4° C. for 48 hours.
During the dialysis, water was changed 5 times. The
dialyzed solution containing peptide-protein composi-
tion was lyophilized to obtain 28 mg of human interfer-
on-a antigen (hereinafter, this product is referred to as
[Antigen a-C-III)). |

The Antigen a-C-III obtained is an antigen in which
an average 12 moles of the Peptide-G is combined with
1 mole of BSA.
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PREPARATIVE EXAMPLE 10

4 Milligrams of Peptide-H which was prepared in
Preparative Example B-18 (b) of Synthesis of peptide,
and 20 ml of BSA were dissolved in 0.1M-ammonium
acetate buffer solution (pH 7.0). To this solution was
added 0.11 ml of 0.1M-glutaraladehyde solution, and
the mixture was stirred at a room temperature for 35
hours. This reaction mixture was dialyzed with 1 liter of
water at 4° C. for 48 hours. During the dialysis, water
was changed 5 times. The dialyzed solution containing
peptide-protein composition was lyophilized to obtain
22 mg of human interferon-a antigen (hereinafter, this
product is referred to as [Antigen a-C-IVY)).

The Antigen a-C-IV is an antigen in which an aver-

age 9 moles of Peptide-H i1s combined with 1 mole of
BSA.

PREPARATIVE EXAMPLE 11

4 Milligrams of Peptide-G which was prepared in
Preparative Example B-16 (b) of Synthesis of peptide,
and 20 mg of BSA were dissolved in 0.1M-ammonium
acetate buffer solution (pH 7.0). To this solution was
added 0.11 ml of 0.1M-glutaraldehyde solution, and
stirred at a room temperature for 5 hours. Then this
reaction mixture was dialyzed with 1 liter of water at 4°
C. for 48 hours. During the dialysis water was changed
5 times. The dialyzed solution containing peptide-
protein composition was lyophilized to obtain 21 mg of
human interferon-a antigen (hereinafter, this product is
referred to as [Antigen a-C-V]).

The Antigen a-C-V obtained is an antigen in which

an average 8 moles of the Peptide-G i1s combined with 1
mole of BSA. | |

PREPARATIVE EXAMPLE 12

10 Milligrams of Peptide-I which was prepared in
Preparative Example C-1 (b) of Synthesis of peptide,
and 50 mg of BSA were dissolved in 2 ml of 0.1M-
ammontium acetate buffer solution (pH 7.0). To this
solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and stirred at a room temperature for 5 hours.
Then this reaction mixture was dialyzed with 1 liter of
water. During the dialysis, water was changed 5 times.
The dialyzed solution containing peptide-protein com-
position was lyophilized to obtain 45 mg of human
interferon-3 antigen (hereinafter, this product is re-
ferred to as [Antigen 8-I)).

PREPARATIVE EXAMPLE 13

5 Milligrams of Peptide-J which was prepared in
Preparative Example C-2 (b) of Synthesis of peptide,
and 20 mg of BSA were dissolved in 2 ml of 0.1M-
ammonium acetate buffer solution (pH 7.0). To this
solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and the mixture was stirred at a room tempera-
ture for 5 hours. This reaction mixture was dialyzed
with 1 liter of water at 4° C. for 48 hours. During the
dialysis, water was changed 5 times. The dialyzed solu-
tion containing peptide-protein composition was lyoph-
ilized to obtain 23 mg of human interferon-8 antigen
(hereinafter, this product is referred to as {Antigen

B-11]).
PREPARATIVE EXAMPLE 14

-4 Milligrams of Peptide-K which was prepared in
Preparative Example C-3 (b) of Synthesis of peptide,
and 15 mg of BSA were dissolved in 2 ml of 0.1M-
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ammonium acetate buffer solution (pH 7.0). To this
solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and the mixture was stirred at a room tempera-
ture for 5 hours. Then, this reaction mixture was dia-
lyzed with 1 liter of water at 4° C. for 48 hours. During
the dialysis, water was changed 5 times. The dialyzed
solution containing peptide-protein composition was
lyophilized to obtain 17 mg of human interferon-£8 anti-

gen (hereinafter, this product is referred to as [Antigen

B-II1]).
PREPARATIVE EXAMPLE 15

4 Milligrams of Peptide-L. which was prepared in
Preparative Example C-4 (b) of Synthesis of peptide,
and 12 mg of BSA were dissolved in 2 ml of 0.1M-
ammonium acetate buffer solution (pH 7.0). To this
solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and the mixture was stirred at a room tempera-
ture for 5 hours. This reaction mixture was dialyzed at
4° C. for 48 hours. During the dialysis, water was
changed 5 times. The dialyzed solution containing pep-
tide-protein composition was lyophilized to obtain 14
mg of human interferon-8 antigen (hereinafter, this
product is referred to as [Antigen 8-I1V]).

PREPARATIVE EXAMPLE 16

8 Milligrams of Peptide-M which was prepared in
Preparative Example C-5 (b) of Synthesis of peptide,
and 25 mg of BSA were dissolved in 2 ml of 0.1M-
ammonium acetate buffer solution (pH 7.0). To this
solution was added 0.11 ml of 0.1M-glutaraldehyde
solution, and the mixture was stirred at a room tempera-
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ture for 5 hours. Then this reaction was dialyzed with 1

liter of water at 4° C. for 48 hours. During the dialysis,
water was changed 35 times. The dialyzed solution con-
taining peptide-protein composition was lyophilized to
obtain 31 mg of human interferon-8 antigen (hereinaf-
ter, this product is referred to as [Antigen 8-V]).

PREPARATIVE EXAMPLE 17

- 8 Milligrams of Peptide-M which was prepared in
Preparative Example C-5 (b) of Synthesis of peptide,
and 25 mg of BSA were dissolved in 4 ml of water. To
this solution was added dicyclohexylcarbodiimide
(DCC), and the mixture was stirred at a room tempera-
ture for 5 hours. Then- this reaction mixture was dia-
lyzed with 2 liters of water at 4° C. for 48 hours. During
the dialysis, water was changed 5 times. The dialyzed
solution containing peptide-protein composition was
lyophilized to obtain 29 mg of human interferon- anti-
gen (hereinafter, this product is referred to as [Antigen

B-VI).
[Preparative of antibody]
PREPARATIVE EXAMPLE 1

100 Micrograms of Antigen a-N-1 which was ob-
tained in Preparative Example 1 of Preparation of anti-
gen was dissolved 1n 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 m! of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to three
rabbits (each of which having 2.5 to 3.0 kg of body
welght) respectively, and the same amount of the sus-
pension was administered to the same rabbit in every
other weeks in 6 times. Further, the same amount of the
suspension was additionally administered to the same
rabbit in every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
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out from the test animal. The blood was subjected to a
centrifigual separation to obtain the serum which con-
tains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-N-I)).

PREPARATIVE EXAMPLE 2

20 Micrograms of Antigen a-N-II which was ob-
tained in Preparative Example 2 of Preparation of anti-
gen was dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 ml of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to seven
rabbits (each of which having 2.5 to 3.0 kg of body
weight) respectively, and the same amount of the sus-
pension was administered to the same rabbits in every
other weeks in 6 times. Further, the same amount of the
suspension was additionally administered to the same
rabbits in every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
out from the test animal. The blood was subjected to a
centrifugal separation to obtain the serum which con-
tains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-N-IIJ).

PREPARATIVE EXAMPLE 3

20 Micrograms of Antigen a-N-III which was ob-
tained in Preparative Example 3 of Preparation of anti-
gen was dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 ml of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to seven
rabbits (each of which having 2.5 to 3.0 kg of body
weight) respectively, and the same amount of the sus-
pension was administered to the same rabbits in every
other weeks in 6 times. Further, the same amount of the
suspension was additionally administered to the same
rabbits in every month in 3 times. 7 Days after the last
administration of the suspenston, the blood was taken
out from the test animal. The blood was subjected to a

~ centrifugal separation to obtain the serum which con-

435

tains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-N-III}).

| PREPARATIVE EXAMPLE 4
100 Micrograms of Antigen o-N-1II which was ob-

- tained in Preparative Example 3 of Preparation of anti-
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gen was dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 ml of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to three
rabbits (each of which having 2.5 to 3.0 kg of body
weight) respectively, and the same amount of the sus-
pension was administered to the same rabbits in every
other weeks in 6 times. Further, the same amount of the
suspension was:additionally administered to the same
rabbits in every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
out from the test animal. The blood was subjected to a
centrifugal separation to obtain the serum which con-
tains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-N-IV]).

PREPARATIVE EXAMPLE 5

20 Micrograms of Antigen a-N-IV which was ob-
tained in Preparative Example 4 of Preparation of anti-
gen was dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 ml of a com-
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plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to seven
rabbits (each of which having 2.5 to 3.0 kg of body
weight) respectively, and the same amount of the sus-
pension was administered to the same rabbits in every
other weeks in 6 times. Further, the same amount of the
suspension was additionally administered to the same
rabbits in every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
out from the test animal. The blood was subjected to a
centrifugal separation to obtain the serum which con-
tains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-N-V]).

PREPARATIVE EXAMPLE 6

100 Micrograms of Antigen a-N-IV which was ob-
tained in Preparative Example 4 of Preparation of anti-
gen was dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 ml of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to three
rabbit (each of which having 2.5 to 3.0 kg of body
weight) respectively, and the same amount of the sus-
pension was administered to the same rabbit in every
other weeks in 6 times. Further, the same amount of the
suspension was additionally administered to the same
rabbits in every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
out from the test animal. The blood was subjected to
centrifugal separation to obtain the serum which con-
tains human interferon-a antibody (hereinafter, this
product 1s referred to as [Antibody a-N-VI])).

PREPARATIVE EXAMPLE 7

Using 20 micrograms of Antigen a-N-V which was
obtained in Preparative Example 5 of Preparation of
antigen, and by a procedure similar to that described in

the above-mentioned Preparative Example 5, there is.

obtained the serum which contains human interferon-a

antibody (hereinafter, this product is referred to as 40

[Antibody a-N-VII}).

PREPARATIVE EXAMPLE 8

Using 100 micrograms of Antigen a-B-V which was
obtained in Preparative Example 5 of Preparation of
antigen, and by a procedure similar to that described in
the above-mentioned Preparative Example 4, there is
obtained the serum which contains human interferon-a«

antibody (hereinafter, this product is referred to as
[Antibody a-N-VIII)).

PREPARATIVE EXAMPLE 9

Using 20 micrograms of Antigen a-N-VI which was
obtained in Preparative Example 6 of Preparation of
antigen, and by a procedure similar to that described in
the above-mentioned Preparative Example 3, there is
obtained the serum which contains human interferon-a

antibody (hereinafter, this product is referred to as
[Antibody a-N-IX]).

PREPARATIVE EXAMPLE 10

Using 100 micrograms of Antigen a-N-VI which was
obtained in Preparative Example 6 of Preparation of
antigen, and by a procedure similar to that described in
the above-mentioned Preparative Example 5, three
rabbits were immunized and the blood was taken out
from the rabbits, then the blood was subjected to a
centfigural separation to obtain the serum which con-
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tains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-N-X]).

PREPARATIVE EXAMPLE 11

100 Micrograms of Antigen a-C-III which was ob-
tained in Preparative Example 9 of Preparation of anti-
gen was dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution, was added 1.5 ml of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to seven
rabbits (each of which having 2.5 to 3.0 kg of body
weight) respectively, and the same amount of the sus-
pension was administered to the same rabbits in every

other weeks 1n 6 times. Further, the same amount of the

suspension was additionally administered to the same
rabbits in every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
out from the rabbits. The blood was subjected to a
centrifugal separation to obtain the serum which con-
tains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-C-III)).

PREPARATIVE EXAMPLES 12-14

Using Antigen a-C-I, Antigen a-C-II and Antigen
a-C-IV each of which were obtained in Preparative
Examples 7, 8 and 10 of Preparation of antigen respec-
tively, and by a method similar to that described in the
above-mentioned Preparative Example 11, of Prepara-
tion of antibody, there were obtained the serums, each
of which contain the respective human interferon-a
antibody (hereinafter, these products are referred to as
[Antibody a-C-I], [Antibody a-C-II] and [Antibody
a-C-1V] respectively.

PREPARATIVE EXAMPLE 15

30 Micrograms of Antigen a-C-II which was ob-
tained in Preparative Example 9 of Preparation of anti-
gen was dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 ml of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to a rabbit
(having 2.7 kg of body weight), and the same amount of
the suspension was administered to the rabbit in every
other weeks in 5 times. Further, the same amount of the
suspension was additionally administered to the same
rabbit in every three week intervals in 5 times. 7 Days
after the last administration of the suspension, the blood
was taken out from the rabbit, and the blood was sub-
jected to a centrifugal separation to obtain the serum
which contains human interferon-a antibody (hereinaf-
ter, this product is referred to as [Antibody a-C-V)).

PREPARATIVE EXAMPLE 16

Using 60 micrograms of Antigen a-C-III which was
obtained in Preparative Example 9 of Preparation of
antigen, and by a procedure similar to that described in
the above-mentioned Preparative Example 15 of Prepa-
ration of antibody, there was obtained the serum which
contains human interferon-a antibody (hereinafter, this
product is referred to as [Antibody a-C-VI}).

PREPARATIVE EXAMPLE 17

Using 30 micrograms of Antigen a-C-V which was
obtained in Preparative Example 11 of Preparation of
antigen, and by a procedure similar to that described in
the above-mentioned Preparative Example 15 of Prepa-
ration of antibody, by using two rabbits (having 2.5 to

3.0 kg of body weight) there was obtained the serum
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which contains human interferon-a antibody (hereinaf-
ter this product is referred to as [Antibody a-C-VIII)).

PREPARATIVE EXAMPLE 18

Using 60 micrograms of Antigen a-C-V which was
obtained in Preparative Example 11 of Preparation of
antigen, and by a method similar to that described in the
above-mentioned Preparative Example 15 of Prepara-
tion of antibody, five rabbits (each of which having 2.5
to 3.0 kg of body weight) were immunized and the
blood taken out from the rabbits were subjected to a
centrifugal separation to obtain the serums each of
which contain the respective human interferon-a anti-
body (hereinafter, these products are respectively re-
ferred to as [Antibody a-C-IX], [Antibody a-C-X],
[Antibody a-C-X1}, [Antibody a-C-XII] and [Antibody
a-C-X1II]). |

PREPARATIVE EXAMPLE 19

250 micrograms of Antigen B-1 which was obtained
in Preparative Example 12 of Preparation of antigen,
was dissolved in 1.5 ml of physiological saline solution,
to this solution was added 1.5 ml of a complete Freund’s
adjuvant to prepare a suspension. This suspension was
administered to four rabbits (each of which having 2.5
to 3.0 kg of body weight) respectively, and the same
amount of the suspension was administered to the same
rabbits in every other weeks in 6 times. Further, the
same amount of the suspension was additionally admin-
istered to the same rabbits in every month in 3 times. 7
Days after the last administration of the suspension, the
blood was taken out from the rabbits. The blood was
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administration of the suspension, the blood was taken
out from the rabbits. The blood was subjected to a
centrifugal separation to obtain the serum which con-
tains human interferon-8 antibody (hereinafter, this
product is referred to as [Antibody S-III)).

PREPARATIVE EXAMPLE 22
25 Micrograms of Antigen B-IV which was obtained

~in Preparative Example 15 of Preparation of antigen,
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subjected to a centrifugal separation to obtain the serum

which contains human interferon-8 antibody (hereinaf-
ter, this product is referred to as [Antibody S-I]).

PREPARATIVE EXAMPLE 20

25 Micrograms of Antigen G-II which was obtained
in Preparative Example 13 of Preparation of antigen,
was dissolved in 1.5 ml of physiological saline solution,
then to this solution was added 1.5 ml of a complete
Freund’s adjuvant to prepare a suspension. This suspen-
sion was administered to four rabbits (each of which
having 2.5 to 3.0 kg of body weight) respectively, and
the same amount of the suspension was administered to

the same rabbits in every other weeks in 6 times. Fur-

ther, the same amount of the suspension was addition-
ally administered to the same rabbits in every months in
3 times. 7 Days after the last administration of the sus-
penstion, the blood was taken out from the rabbits. The
blood was subjected to a centrifugal separation to ob-
tain the serum which contains human interferon-8 anti-

body (hereinafter, this product is referred to as [Anti-
body B-II)).

PREPARATIVE EXAMPLE 21

25 Micrograms of Antigen S8-II1 which was obtained
in Preparative Example 14 of Preparation of antigen,
was dissolved in 1.5 ml of physiological saline solution,
then to this solution was added 1.5 ml of a complete
Freund’s adjuvant to prepare a suspension. This suspen-
sion was administered subcutaneously to four rabbits
(each of which having 2.5 to 3.0 kg of body weight)
respectively, and the same amount of the suspension
was administered to the same rabbits in every other
weeks in 6 times. Further, the same amount of the sus-
pension was additionally administered to the same rab-
bits in every month in three times. 7 Days after the last
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was dissolved in 1.5 ml of physiological saline solution,
then to this solution was added 1.5 ml of a complete
Freund’s adjuvant to prepare a suspension. This suspen-
sion was administered subcutaneously to four rabbits
(each of which having 2.5 to 3.0 kg of body weight)
respectively, and the same amount of the suspension
was administered to the same rabbits in every other
weeks 1n 6 times. Further, the same amount of the sus-
pension was additionally administered to the same rab-
bits 1n every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
out from the rabbits. The blood was subjected to a
centrifugal separation to obtain the serum which con-
tains human interferon-8 antibody (hereinafter, this
product is referred to as [Antibody B-1V]).

PREPARATIVE EXAMPLE 23

25 Micrograms of Antigen 8-V which was obtained
in Preparative Example 16 of Preparation of antigen,
was do dissolved in 1.5 ml of physiological saline solu-
tion, then to this solution was added 1.5 ml of a com-
plete Freund’s adjuvant to prepare a suspension. This
suspension was administered subcutaneously to four
rabbits (each of which having 2.5 to 3.0 kg of body
weight) respectively, and the same amount of the sus-
pension was administered to the same rabbits in every
other weeks in 6 times. Further, the same amount of the
suspension was additionally administered to the same
rabbits in every month in 3 times. 7 Days after the last
administration of the suspension, the blood was taken
out from the rabbits. The blood was subjected to a
centrifual separation to obtain the serum which a con-
tains human interferon-8 (hereinafter, this product is

referred to as [Antibody B8-V]).

PREPARATIVE EXAMPLE 24

Using Antigen 8-VI which was obtained in Prepara-
tive Example 17 of Preparation of antigen, and by a
method similar to that described in the above-men-
tioned Preparative Example 15 of Preparation of anti-
body, there 1s obtained the serum which contains anti-
body having high potency and having specificity to
human interferon-£ (hereinafter, this product is referred
to as [Antibody B-VI)).

Assay of the titer of antibodies-(1)

The titer of Antibody a-N-I through Antibody
a-N-X were assayed as follows:

Each of Antibodies was diluted with physiological
saline solution to prepare a series of diluted samples
thereof, having 10, 102, 103, 104, 105, . . . -fold diluted
concentration (initial concentration). To 100 microliters
cach of these diluted samples was added 0.1 m] of a
diluted solution of 23] labelled-Peptide D [which was
obtained in Preparative Example of labelled peptide-1,
as mentioned previously, and was diluted to prepare a
diluted solution having about 9,500 cpm of the radioac-
tivity] and 0.2 ml of 0.05M-phosphate buffer solution
(pH=7.4) [containing 0.25% of BSA, and 10 mM-
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EDTA and 0.02% of NaNi], then this mixture was
incubated at 4° C. for 24 hours. The resulting product of
the antibody combined with the 123] labelled-Peptide D
formed in the incubated mixture was isolated from the
unreacted (not combined) 123 labelled-Peptide D by a 5
dextran-activated carbon method and a centrifugal sep-
aration method (at 4° C. for 30 minutes, 3,000 rpm).

The combined ratio (%) of the antibody to the 12°]
labelled Peptide D in the resulting product was deter-
mined by counting the radioactivity of each samples in
the series of diluted concentration. The data of com-
bined ratio (%) obtained from the respective samples in
the series of diluted concentration were plotted on a
chart, in which the ordinate shows the combined ratto
(%) of the antibody to the 125] labelled-Peptide D, s
while the abscissa shows the diluted concentration of
the antibody. From the plotted chart, a diluted concen-
tration of the antibody showing 50% of the combined
ratio, which is the titer of the antibody, was obtained.
Results are shown in Table 1.

10

20
TABLE 1
Antibody Titer - Antibody Titer
a-N-I 10,000 a-N-V 150,000
a-N-11 12,000 a-N-VII 180,000
a-N-111 120,000 a-N-VIi1 42.000 25
a-N-1V 200,000 a-N-~X 28,000

Test of the specificity of Ahtibody a-N-IV to human

lymphoblastoid interferon 30

In conducting said test of specificity, the following
materials were used as the samples to be tested:

(1) Human interferon-8 (prepared by Tokyo Metro-
volitan Institute of Medical Science, specific activity:
3% 106 U/mg of protein), in various concentrations

(2) Peptide C which as obtained in Preparative Exam-
ple A-3 of Synthesis of peptide, i.e., a peptide chain of
human lymphoblastoid interferon .

(3) Human interferon-a (prepared by Hayashibara
Biochemical Research Laboratory, lymphoblastoid
interferon Lot. No. 800928) |

(4) Human interferon-a (obtained from Dr. Cantell,
Central Public Health Laboratory, Finland)

On the other hand, as the standard diluting agent,
0.05M-phosphate buffer solution (pH=7.4) containing
0.25% of BSA, S mM-EDTA and 0.02% of Na N3 was
used.

To each of test tubes, there is placed 0.2 ml of the
standard diluting agent, 0.1 m] of the sample to be
tested, 0.1 m.1 of Antibody a-N-1V obtained in Prepar-
ative Example-4 of Preparation of antibody (ti-
ter=200,000) and 0.1 ml of !2°1 labelled-Peptide D
[which was obtained in Preparative Example of labelled
peptide-1, as mentioned previously, and was diluted to
prepare a diluted solution having about 2,800 cpm of the
radioactivity]. Each of the test tubes containing the
above-mentioned mixture was incubated at 4° C. for 72
hours, then 0.1 ml of normal porcine serum was added
to the mixture, next 0.5 ml of a suspension of activated
carbon being coated with dextran was added thereto,
and the whole mixture was allowed to stand at 4° C. for
30 minutes, then the whole mixture was subjected to a
centrifugal separation at 4° C. for 30 minutes under the
condition of 3,000 rpm for isolating the resulting prod-
uct of the antibody combined with the 123] labelled-pep-
tide from the unreacted (not combined) 1231 labelled-
peptide. The radioactivity of each peptides was mea-
sured. The binding ratio (%) of 12°] labelled-peptide and
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each samples at each concentrations and dilutions was
determined taking binding ratio (B,) corresponding to
titer of used antibody as 100%. The results are shown In
FIG. 1, wherein the ordinate shows the relative bound
percentage [(%)=B/B,Xx100], while the abscissa
shows the concentration of the samples to be tested
(Peptide C which was obtained in Preparative Example
A-3 of Synthesis of peptide, i.e., a peptide chain of
human lymphoblastoid interferon, human interferon-g
and human interferon-a). In this FIG. 1, curve (a) is
Peptide C, i.e., a peptide chain of human lymphoblas-
toid interferon, curve (b) 1s human interferon-a (ob-
tained from Dr. Cantell, Central Public Health Labora-
tory, Finland), curve (c¢) is human interferon-a (pre-
pared by Hayashibara Biochemical Research Labora-
tory) and curve (d) is human interferon-. As can be
seen from the curves shown in FIG. 1 that the reactivity
of Antibody a-N-IV to human interferon-8 is clearly
different from the reactivity of Antibody a-N-IV to
human interferon-8, which means that Antibody a-N-
IV is an antibody having high specificity and it does not

cross match to human interferon-8 until the concentra-
tion of 3.0 100 U/ml.

Assay of the titer of antibodies-(2)

The titer of Antibody a-C-I through Antibody a-C-
XIII were assayed as follows: |

Each of Antibodies was diluted with physiological
saline solution to prepare a series of diluted samples
thereof, having 10, 102, 103, 104, 105, . . . -fold diluted
concentration (initial concentration). To 100 microliters
each of these diluted samples was added 0.1 ml of a
diluted solution of 1251 labelled-Peptide H [which was
obtained in Preparative example of labelled peptide-2-1,
as mentioned previously, and was diluted to prepare a
diluted solution having about 9,500 cpm of the radioac-
tivity] and 0.2 ml of 0.05M-phosphate buffer solution
(pPH=7.4) [containing 0.25% of BSA, and 10 nM-
EDTA and 0.02% of NaN32, then this mixture was
incubated at 4° C. for 24 hours. The resulting product of

the antibody combined with the !25I labelled-Peptide H
formed in the inclubated mixture was tsolated from the
unreacted (not combined) 1231 labelled-Peptide H by a
dextran-activated carbon method and a centrifugal sep-
aration method (at 4° C. for 30 minutes, 3,000 rpm).
The combined ratio (%) of the antibody to the 1231

labelled-Peptide H in the resulting product was deter-

mined by counting the radioactivity of each samples in
the series of diluted concentration. The data of the
combined ratio (%) obtained from the respective sam-
ples in the series of diluted concentration were plotted
on a chart, in which the ordinate shows the combined
ratio (%) of the antibody to the 12°] labelled-Peptide H,
while the abscissa shows the diluted concentration of
the antibody (initial concentration). From the plotted
chart, a diluted concentration of the antibody showing
50% of the combined ratio which is the titer of the

antibody was obtained. Results are shown in Table 2.
TABLE 2
Antibody Titer Antibody Titer
a-C-I 2,500 a-C-VIII 1,200
a-C-I1 4,200 a-C-1X 6,000
a-C-1H 50,000 a-C-X 1,100
a-C-1V £,200 a-C-XI1 2,200
a-C-V 10,400 a-C-XI1 3,600
a-C-VI 2,600 a-C-X 1 1,000
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TABLE Z-COntinued
— e

Antibody - Titer -~ .Antibody ~ Titer
m
a-C-VII 40,000

e e

‘As can be seen from the results shown in Table 2, the
C-terminal peptide of human interferon-as represented
by the general formula (2) and derivatives thereof have
strong antigenicity as compared with that of other pep-
tides, for example as can be seen from the titer of Anti-
body a-C-IX through Antibody a-C-XIII that the use-

ful antibodies can be produced in the most of the ani-
mals being administered the antigen. |

Test of the specificy of Antibody a-C-III to human
interferon-a -

(2) In conducting said test os specificity, the follow-‘_'

ing materials were used as the samples to be tested:

(1) Human interferon-8 (prepared by Tokyo Metro-
politan Institute of Medical Science, specific activity:
3X 100 U/mg of protein), in various concentrations

(2) Peptide G which was obtained in Preparative
Example B-16 (b) of Synthesis of peptide, i.e., a peptide
chain of human interferon-a | |

(3) Human interferon-a (lymphoblastoid interferon,
prepared by Hayashibara Biochemical Research Labo-
ratory) - | - - -

On the other hand, as to the standard diluting agent,
0.05M-phosphate buffer solution (pH=7.4) containing
0.25% of BSA, 5 mM-EDTA and 0.02% of NaN3 was
used. - - |
To each of test tubes, there is placed 0.2 ml of the
standard diluting agent, 0.1 ml of the sample to be
tested, 0.1 ml of Antibody a-C-III obtained in Prepara-
tive Example-11 of Preparation of antibody and 0.1 ml

of 1251 labelled-Peptide H [which was obtained in Pre-

parative Example of labelled peptide-2-1, as mentioned
previously, and was diluted to prepare a diluted solution

having about 2,800 cpm of the radioactivity]. Each of a0

the test tubes containing the above-mentioned mixture
was incubated at 4° C. for 72 hours, then 0.1 ml of nor-
mal porcine serum was added to the incubated mixture,
next 0.5 ml of a suspension of activated carbon being

coated with dextran was added thereto, and the whole 45

mixture was allowed to stand at 4° C. for 30 minutes.
Then the whole mixture was subjected to a centrifugal
separation at 4° C. for 30 minutes under the condition of
3,000 rpm for isolating the resulting product of the
antibody combined with the 125T labelled-peptide from
the unreacted (being not combined) 125] labelled-pep-
tide. The radioactivity of each peptides was measured.
The binding ratio (%) of 251 labelled-peptide and each
samples at each concentration and dilutions was deter-
-mined taking binding ratio (B,) corresponding to titer of
used antibody as 100%. As can be seen form the results
obtained from this test, that the reactivity of Antibody
a-C-III to human interferon-a is clearly different from
the reactivity of Antibody a-C-III to human interferon-
B, which means that Antibody a-C-III is an antibody
having high specificity, with low cross matching prop-
erty to human interferon-g.
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Additionally, similar tests were conducted on the

specificities of Antibody a-C-I, Antibody a-C-II, Anti-
body a-C-IV to Antibody a-C-VII and Antibody a-C-
IX to Antibody a-C-XIII and are confirmed that these

antibodies have high specificities to human interferon-
Q.
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(b) Similar tests were conducted on Antibody a-C-
VIII as in the test (a) mentioned above. The results are
shown in FIG. 2, in which the ordinate shows the rela-
tive bound percentage [(%)=B/B,X 100], while the
abscissa shows the concentrations of the samples to be
tested (Peptide G which was obtained in Preparative
Example B-16 (b) of Synthesis of peptide, i.e., a peptide
chain of human interferon-a, human interferon-a [lym-
phoblastoid interferon, prepared by Hayashibara Bio-
chemical Research Laboratory, and leucocytes inter-
feron obtained from National Institute of Health] and
human interferon-B (specific activity: 3 106 U/mg of
protein, prepared by Tokyo Metropolitan Institute of
Medical Science). In this FIG. 2, curve (a) is Peptide G,
curve (b) is human interferon-a (prepared by Haya-
shibara Biochemical Research Laboratory), curve (c) is
human interferon-a (obtained from National Institute of
Health), and curve (d) is human interferon-8 prepared
by Tokyo Metropolitan Institute of Medical Science).
As can be seen from the curves shown in FIG. 2 that the
reactivity of Antibody a-C-VIII to human interferon-f3
is clearly different from the reactivity of Antibody a-C- -
VIII is an antibody having high specificity and it does

not cross match to human interferon-g until the concen-
tration of 1.0x 106 U/ml. o .

Assay of the titer of antibody-(3)

The titer of Antibody B-I through Antibody 8-VI
were assayed as follows: |
- Each of Antibodies was diluted with physiological
saline solution to prepare a series of diluted samples
thereof, having 10, 102, 103, 104, 105 . . . -fold diluted
concentration (initial concentration). To 100 microliters
cach of these diluted samples was added 0.1 ml of a
diluted solution of 121 labelled-Peptide M [which was _
obtained in Preparative Example of labelled peptide-3,
as mentioned previously, and was diluted to prepare a
diluted solution having about 10,000 cpm of the radio-
activity] and 0.2 ml of 0.1M-phosphate buffer solution
(PH=7.4) [containing 0.1% of BSA, 0.15M-sodium
chloride and 0.01% of NaNj3], then this mixture was
inclubated. at 4° C. for 24 hours. The resulting product
of the antibody combined with the 1251 labelled-Peptide
M formed in the incubated mixture was isolated from.
the unreacted (being not combined) 251 labelled-Pep-
tide M by dextran-activated carbon method and a cen-
trifugal separation method (at 4° C. for 15 minutes,
3,000 rpm). - o S
The combined ratio (%) of the antibody to the 1251
labelled Peptide M in the resulting product was deter-
mined by counting the radioactivity of each samples in
the series of from the respective samples in the series of
diluted concentration (initial concentration) were plot-
ted on a chart, in which the ordinate shows the com-
bined ratio (%) of the antibody to the 125] labelled-Pep-
tide M, while the abscissa shows the diluted concentra-
tion of the antibody. From the plotted chart, a diluted
concentration of the antibody showing 50% of the com-
bined ratio which is the titer of the antibody was ob-
tained. The results are shown in Table 3. |

TABLE 3

| |

Antibody | Titer |
%I

a-V | 52,000 |

CI-V I l mim :
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Test of the specificity of Antibody 8-V to human
interferon-G

In conducting said specificity, the following materials
were used as the samples to be tested:

(1) Human nterferon-8 (specific activity: 3106
U/mg of protein, prepared by Tokyo Metropolitan
Instituted of Medical Science)

(2) The 1st to 13th peptide chain of human interferon-

d

B (Peptide M which was obtained in Example 5 of 10

Preparative Example C of Synthesis of peptide)

(3) Human interferon-a (Lymphoblastoid interferon,
Lot No. 800928, prepared by Hayashibara Biochemical
Research Laboratory)

On the other hand, as to the standard diluting agent,
0.1M-sodium phosphate buffer solution (pH=7.4) con-
taining 0.1% of BSA,.0.15M-NaCl and 0.01% of NaN3
was used.

To each of test tubes, there is placed 0.2 ml of the
standard diluting agent, 0.1 ml of the sample to be
tested, 0.1 ml of antibody B-V obtained in Preparative
Example 23 of Preparation of antibody (titer=>52,000)
and 0.1 ml of 123] labelled-Peptide M [which was ob-
tained in Preparative example of labelled peptide-3, the
mentioned above, was diluted to prepare a diluted solu-
tion having about 10,000 cpm of the radioactivity], then
this mixture was incubated at 4° C. for 48 hours. To the
incubated mixture was added 0.1 ml of normal sheep
serum, next to this mixture was added 0.5 ml of a sus-
pension of activated carbon coated with dextran, and
the whole mixture was allowed to stand at 4° C. for 30
minutes, and was subjected to a centrifugal separation at
4" C. for 30 minutes under the condition of 3,000 rpm
ior isolating the resulting product of the antibody com-
bined with the 1251 labelled-peptide from the unreacted
(being not combined) 125 labelled-peptide. The radio-
activity of each peptides was measured. The binding
ratio (%) of 12°I labelled-peptide and each samples at
each concentrations and dilutions was determined tak-
ing binding ratio (B,) corresponding to titer of used
antibody as 100%. The results are shown in FIG. 3, in
which the ordinate shows the relative bound percentage
[(%)=B/B, X 100], while the abscissa shows the con-
centration of the samples to be tested [the 1st to 13th
peptide chain of human interferon-8 (Peptide M),
human interferon-8 and human interferon-a)]. In this
FIG. 3, curve (a) is the 1st to 13th peptide chain of
human interferon-8 (Peptide M), curve (b) is human
interferon-3, and curve (c) is human interf interferon-a.
As can be seen from the curves shown in FIG. 3 that the
reactivity of Antibody B-V to human interferon-a is
clearly different from the reactivity of Antibody 8-V to
human interferon-g, from these facts that Antibody 8-V
15 an antibody having high specificity and it does not
cross match to human interferon-a until the concentra-
tion of 3.7 X 106 U/ml.

Additionally, similar tests were conducted on the
specificities of Antibody 8-VI to human interferon-g.
The results are shown in FIG. 4, in which the ordinate
shows the relative bound percentage
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[(%)=B/B, X 100], while the abscissa shows the con- .

centrations of the samples tested [the 1st to 13th peptide
chain of human interferon-8 (Peptide M), human inter-
feron-B and human interferon-a]. In this FIG. 4, curve
(d) 1s the 1st to 13th peptide chain of human interferon-

B (Peptide M), curve (e) is human interferon-8 and
curve (f) 1s human interferon-a.
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Similar tests were conducted on the specifities of
Antibody B-II, Antibody B-III and Antibody B-IV.
Thus, each of test tubes, there is placed 0.2 ml of the
above-mentioned standard diluting agent, 0.1 ml of the
above-mentioned the sample to be tested, 0.1 m! of
Antibody B-II, Antibody B-III or Antibody B-IV and
0.1 ml of 12°] labelled-Peptide M, then the reaction was
carried out under the condition similar to that men-
tioned previously. When the bonding reactivity be-
tween Antibody 8-V or Antibody B8-V1 obtained from
the Ist to 13th peptide chain of human interferon-3
(Peptide M) and the 1st to 13th peptide of human inter-
feron-B (Peptide) are taken as 100%, the relative bound

percentage (%) of the respective Antibodies are shown
in Table 4.

TABLE 4

- Relative bound Relative bound
Antibody percentage Antibody percentage
e — S SO
B-V 100 B-VI 100
B-11 25 B-11 25
B-111 30 B-111 27
B-1V 50 B-1V 70

%

Determination of the sensitivity limit

To each of test tubes, there is placed 0.2 ml of the
standard diluting agent, 0.1 ml of the 1st to 13th peptide
chain of human interferon-8 (Peptide M), 0.1 ml of
Antibody 8-V obtained in Example 23 of Preparation of
antibody or Antibody B-VI obtained in Example 24 of
Preparation of antibody, and 0.1 ml of !25] labelled-Pep-
tide M [which was obtained in Preparative example of
labelled peptide-3, as mentioned previously, and was
diluted to prepare a diluted solution having about
10,000 cpm of the radioactivity}, then this mixture was
inclubated at 4° C. for 48 hours. To the incubated mix-
ture was added 0.1 ml of normal sheep serum, next to
this mixture was added 0.5 ml of a suspension of acti-
vated carbon being coated with dextran, and the result-
ing mixture was allowed to stand 4° C. for 30 minutes,
and was subjected to a centrifugal separation at 4° C. for
30 minutes under the condition of 3,000 rpm for isolat-
ing the resulting product of the antibody combined with
the 1231 labelled-peptide from the unreacted (being not
combined) 1231 labelled-peptide. The radioactivity of
each peptides was measured. The binding ratio (%) of
125F labelled-peptides and each samples at each concen-
trattons and dilutions was determined taking binding
ratio (By) corresponding to titer of used antibody as
100%. The results are shown in FIG. 5, in which the
ordinate shows the relative bound percentage
[(%)=B/B,X 100], while the abscissa shows the con-
centration of the 1st to 13th peptide chain of human
interferon-8 (Peptide M), curve (g) is a data obtained by
using Antibody 8-V, and curve (h) is a data obtained by
using Anitbody 8-VI. As can be seen from these curves
in FIG. §, that the minimum sensitivity limit in assaying
human interferon is 13 picograms/ml when using Anti-

body 8-V, and is 5 picograms/ml when using Antibody
B-V1.

Assay of human interferon-a by fluorescence
polarization immunoassay-1

(a) Preparation of fluorochrome labelled-peptide
solution

FITC labelled-Peptide C [obtained in Preparative
Example of labelled peptide-4 (1)] was dissolved in
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0.1M-sodium phocsphate buffer solution (pH=7) [con-
taining 0.9 W/V% NaCl and 0.05 W/V% BSA] to
prepare a solution having the concentration of
3% 10— 9IM-FITC labelled-Peptide C, (hereinafter, this
solution is referred to as [Solution-Alj).

(b) Preparation of fluorochrome labelled-peptide blank
solution for blank test

A solution having the same composition as in the
Solution-A except that without containing FITC la-
belled-Peptide C was prepared, (hereinafter, this solu-
tion is referred to as [Solution-Bj).

(c) Preparation of antibody solution

Antibody a-N-VII [obtained in Preparative Exam-
ple-7 of Preparation of antibody] (titer = 180,000) was
diluted 150-fold with physiological saline solution,
(hereinafter, this solution is referred to as [Solution-C]).

“(d) Preparation of diluting solution

A diluting solution (pH="7.8) containing 9.89 g/1 of
H3BO3, 4.32 g/ of Na;B407.10H20, 9 g/1 of NaCl,
0.005 W/V% of NaN3 and 0.01 W/V% of BSA was
prepared, (hereinafter, this solution is referred to as
[Solution-DJ]).

(e) Preparation of a series of diluted solutions

(1) Peptide C [obtained in Preparative Example A-3-5
of Preparation of peptide] was dissolved in 0.1M-
sodium phosphate buffer solution (pH=6.5) containing
0.9 W/V% of NaCl, 0.05 W/V% of BSA to prepare a
solution having the concentration of 5 micrograms/liter
of Peptide C. Then said solution was diluted with Solu-
tion-D to prepare a series of diluted solutions having
concentrations of 500, 250, 125, 62.5, 31.25, 15.6, 7.8,
3.9, 1.95, 0.925, 0.463 and 0 ng/ml of Peptide C.

(2) By using human interferon-a (Cantell) and
method similar to that described in (1) as above, a series
of diluted solutions of human interferon-a were pre-
pared. The concentrations of a series of diluted solu-
tions are 1Xx100, 0.5% 106, 0.125% 106, 0.063 % 106,
0.031x 109, 0.016x 106, 0.008x 106 and 0 U/ml of
human interferon-a.

(f) Determination of polarization degree (P value)

To 0.2 m} of each of the diluted solution prepared in
(e)-(1) was added 0.05 ml of Solution-A, 0.1 ml of Solu-
tion-C and 0.65 ml of Solution-D to prepare a sample
solution of Peptide C. Similarly, a reference sample
solution of Peptide C was prepared by using 0.05 ml of
Solution-B in place of Solution-A.

Similar to the above, a series of diluted sample solu-
tions of human interferon-a and a series of diluted refer-
ence sample solutions thereof were prepared from the
series of diluted solutions as described in (e)-(2).

Further, a sample solution of antibody for blank test
was prepared by mixing 0.05 ml of Solution-A with 0.95
ml of Solution-D, and a reference sample solution of
antibody for blank test was prepared by mixing 0.05 mi
of Solution-B with 0.95 ml of Solution-D.

Each of these sample solutions and reference sample
solutions were incubated at 4° C. for 12 hours, then the
polarized light in the fluorescence was determined by
an apparatus for measuring fluorescence polarization
intensity. The polarization degree (P value) of each of
the series of diluted sample solutions was calculated by
the following formula.
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(Iys — Iyr) — (s — THR)
(Jys — Typ) + (Ins — IuR) X (%)

[wherein
Iys: the strength of vertical polarized fluorescence of
the sample
Iys: the strength of horizontal polarized fluoroscence
of the sample |
Iyr: the strength of vertical polarized fluorescence of
the reference sample
1r: the strength of horizontal polarized fluorescence
of the reference sample] The results are shown in
FIGS. 6 and 7. From these FIGS. 6 and 7 the con-
centration corresponding to a half of the change of
P value is 0.79 ng/Tube in Peptide C, and is
7.2 104 U/Tube in human interferon-a, and the
ratio of these value, that is 91 U/pg was obtained as
the cross matching ratio.
Similarly, the P value was determined in a sample
solution of human interferon-a of unknown concentra-

tion, and the potency was assayed from FIG. 6 or FIG.
7.

Assay of human interferon-a fluorescence polarization
immonoassay-2

(2) Preparation of fluorochrome labelled-peptide
solution

DTAPF labelled-Peptide G [obtained in Preparative
Example of labelled peptide-5 (2)] was dissolved in
0.1M-sodium phosphate buffer solution (pH=7) [con-
taining 0.9 W/V% of NaCl and 0.05 W/V % of BSA] to
prepare a solution having the concentration of
1.5% 10-9IM-DTAF labelled-Peptide G, (hereinafter,
this solution is referred to as [Solution-A'}).

(b) Preparation of fluorochrome labelled-peptide blank
| solution blank test

A solution having the same composition as in the
Solution-A’' except that without containing DTAF la-
belled-Peptide G was prepared, (hereinafter, this solu-
tion is referred to as [Solution-B’]).

(c) Preparation of antibody solution

Antibody o-C-VIII (titer=1,200) [obtained in Pre-
parative Example-17 of Preparation of antibody] was
diluted 40-fold with physiological saline solution, (here-
inafter, this solution is referred to as [Solution-C'}).

' (d) Preparation of diluting solution

A diluting solution (pH=7.0) containing 9.89 g/l of
H3BO;3, 4.32 g/l of Na;B407.10H20, 9 g/l of NaCl,
0.005 W/V% of NaNj and 0.01 W/V% of BSA was

prepared, (hereinafter, this solution is referred to as
[Solution-D’)). |

(e) Preparation of a series of diluted solutions

(1) Peptide G [obtained in Preparative Example B-16
(b) of Preparation of peptide] was dissolved in 0.1M-
sodium phosphate buffer solution (pH==6.5) containing
0.9 W/V% of NaC! and 0.05 W/V% of BSA, to pre-
pare a solution having the concentration of 5 micro-
grams/liter of Peptide G. Then said solution was di-
luted with Solution-D’ to prepare a series of diluted
solutions having concentrations of 200, 66.7, 22.2, 7.4,
2.5, 0.8 and 0 nM of Peptide G.
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(2) By using human interferon-a (Cantell) and
method similar to that described in (1) as above, a series
of diluted solutions of human interferon-a were pre-
pared. The concentrations of a series of diluted solu-
tions are 6.4Xx106, 3.2Xx106, 1.6X106, 0.8 106,
0.4 106, 0.2 106, 0.1x 106, 0.05x10% and 0 U/ml of
human interferon-a.

(f) Determination of polarization degree (P value)

To 0.1 ml of each of the diluted solution prepared In
(e)-(1) was added 0.2 ml of Solution-A’, and 0.2 ml] of
Solution-C’ to prepare a sample solution of Peptide G.
Similarly, a reference sample solution of Peptide G was
prepared by using 0.1 ml of Solution-B’ in place of
Solution-A’".

Similar to the above, a series of diluted sample solu-
tions of human interferon-c and a series of diluted refer-
ence sample solution thereof were prepared from the
series of diluted solutoins as described in (e)-(2).

Further, a sample solution of antibody for blank test
was prepared by mixing 0.2 ml of Solution-A’ with 0.3
ml of Solution-D’, and a reference sample solution of
antibody for blank test was prepared by mixing 0.2 ml of
Solution-B’ with 0.3 mli of Solution-D’.

Each of these sample solutions and reference sample
solutions were incubated at 4° C. for 12 hours, then the
polarized light in the fluorescence was determined by
an apparatus for measuring fluorescence polarization
intensity. The polarization degree (P value) of each of
the series of diluted sample solutions was calculated by
the following tformula.

(Ilys — IyRr) — (Iys — IyR)

£="Uvs—1va) + Uns — ThR) 1_00 %)
[wherein
Iys: the strength of vertical polarized fluorescence of
the sample |

Ixs: the strength of horizontal polarized fluorescence
of the sample
Iyr: the strength of vertical polarized fluorescence of
the reference sample
1r: the strength of horizontal polarized fluorescence
of the reference sample]
The results are shown in FIG. 8, wherein the relative

bound percentage [B/B, (%)] is calculated from the
following formula.

P — Pr
Py — Pr

B/B, = X 100 (%)

(wherein

P: polarization degree of the sample

P, polarization degree of the sample having zero

concentration

Pr polarization degree obtained from the sample

solution of the antibody for blank test]

From FIG. 8, the concentration corresponding to
0% value of B/B,1s 36 mM in Peptide G. And similar
to the above-mentioned procedure, the concentration
corresponding to 50% value of B/B, was obtained as
1.0Xx 107 U/Tube. Then the ratio of these values that is
2.78 X 10° U/ml/nM was obtained as the cross matching
ratio.

Similarly, the P value and B/B, value were deter-
mined in sample solution of human interferon-a of un-
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known concentration, and the potency was assayed
from FIG. 8.

Assay of human interferon-8 by fluorescence
polarization immunoassay-3

(a) Preparation of fluorochrome labelled-peptide
solution

FITC labelled-Peptide M [obtained in Preparative
Example of labelled peptide-6 (1)] was dissolved in
0.1M-sodium phosphate buffer solution (pH=7) [con-
taining 0.9 W/V % of NaCl and 0.05 W/V % of BSA] to
prepare a solution having the concentration of
3% 10—°M-FITC labelied-Peptide M, (hereinafter, this
solution is referred to as [Solution-A’']).

(b) Preparation of fluorochrome labelled peptide blank
solution for blank test

A solution having the same composition as in the
Solution-A" except that without containing FITC-
labelled-Peptide M was prepared, (hereinafter, this solu-
tion is referred to as [Solution-B"'}).

(c) Preparation of antibdidy solution

Antibody 8-V (potency-52,000) [obtained in Prepara-
tive Example-23 of Preparation of antibody] was diluted
800-fold with physiological saline solution, (hereinafter,
this solution is referred to as [Solution-C'’]).

(d) Preparation of diluting solution

A diluting solution (pH=7.8) containing 9.89 g/1 of
H3BO3, 4.32 g/l of Na;B404.10H,20, 9 g/l of NaCl,
0.005 W/V% of NaNj and 0.01 W/V% of BSA was
prepared, (hereinafter, this solution is referred to as
[Solution-D"']).

(e) Preparation of a series of diluted solutions

(1) Peptide M [obtained in Preparative Example C-5
of Preparation of peptide] was dissolved in 0.1M-
sodium phosphate buffer solution (pH-6.5) containing
0.9 W/V % of NaCl and 0.05 W/V % of BSA to prepare
a solution having the concentration of 5 micrograms/-
liter of Peptide M. Then said solution was diluted with
Solution-D" as mentioned above to prepare a series of
diluted solutions having concentrations of 500, 250, 125,
62.5, 31.25, 15.6, 7.8, 3.9, 1.95, 0.925, 0.463 and 0 ng/ml
of Peptide M.

(2) By using human interferon-8 (prepared by Tokyo
Metropolitan Institute of Medical Science), and method
similar to that described in (1) as above, a series of di-
luted solutions of human interferon-8 were prepared.
The concentrations of the series of diluted solutions are
2106 1x108 0.5X10% 0.25x106 0.125X 1068,
0.063 <106, 0.031x 106 0.016x16% and 0 U/ml of
human interferon-g.

(f) Determination of polarization degree (P value)

To 0.2 ml of each of the diluted solution prepared in
(e)-(1) was added 0.05 ml of Solution-A”, 0.1 ml of
Solution-C"” and 0.65 ml of Solution-D” to prepare a
sample solution of Peptide M.

Similarly, a reference sample solution of Peptide M
was prepared by using 0.05 ml of Solution-B” in place of
Solution A",

Similar to the above, a series of diluted sample solu-
tions of human interferon-B and a series of diluted refer-
ence sample solutions thereof were prepared from the
series of diluted solutions as described in (e)-(2).
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Further, a sample solution of antibody for blank test
‘was prepared by mixing 0.05 ml of Solution-A" with
0.95 ml of Solution-D”, and a reference sample solution
of antibody for blank test was prepared by mixing 0.05
ml of Solution-B” with 0.95 ml of Solution-D". 5
Each of these sample solutions and reference sample
solutions were incubated at 4° C. for 12 hours, then the
polarized light in the fluorescence was determined by
an apparatus for measuring fluorescence polarization
intensity. The polarization degree (P value) of each of 19
the series of diluted sample solutions was calculated by
the following formula.

({ys — Iyr) — (Igs — IHR)
Tys — 1 V_R) + (Igs — Igr)

X 100 (%) 5

[wherein

Iys: the strength of vertical polarized fluorescence of

the sample

IyF: the strength of horizontal polarized fluorescence 20

of the sample

Iygr: the strength of vertical polarized fluoresence of

the reference sample

IgR: the strength of horizontal polarized ﬂuorescence

of the reference sample]

The results are shown in FIG. 9, and FIG. 10. From
the FIG. 9, and FIG. 10 the concentration correspond-
ing io a half of the change of P value is 1 ng/Tube in
Peptide M, and is 2.1 X 10° U/Tube in human interferon-
B3, and the ratio of these values that 210 U/pg was ob-
tained as the cross matching ratio. |

Similarly, the P values were determined in sample
solutions of human interferon-8 of unknown concentra-

tion, the potencies of the interferons were assayed from
FIGS. 9 and 10.

[Preparation of ilﬁmobilized antibodies]
PREPARATIVE EXAMPLE 1

(a) 0.74 Milliliter of Antibody B-V [obtained in Pre-
parative Example 23 of Preparation of Preparation of 40
antibody] was dissolved in 2.26 ml of distilled water,
then 3 ml of a saturated ammonium sulfate aqueous
solution was added thereto and the mixture was allowed
to stand at 4° C. for 3 hours. Then 3 ml of distilled water
was added to the said mixture, and allowed to stand at
4" C. for 3 hours. Next, this mixture was subjected to a
centrifugal separation (3,500 rpm) at 4° C. for 15 min-
utes, the precipitate obtained was dissolved in distilled
water to obtain 8 ml of an aqueous solution of the anti-
body (OD3280=1.157). The solution of the antibody was
dialyzed with distilled water in three times, and was
further dialyzed with 0.1M-sodium bicarbonate aqueous
solution, containing 0.5M-sodium chloride, to obtain 7
ml of the antibody aqueous solution (OD,g9=0.923).

(b) 1 Gram of dried cyanogen bromide-activated
Sepharose 4B was washed with 200 ml of 1 mM-hydro-
chloric acid aqueous solution, then 30 ml of 0.1M-
sodium bicarbonate aqueous solution (pH=28.4), con-
taining 0.5M-sodium chloride, and 7 ml of the above-
mentioned dialyzed antibody solution were added to
the washed Sepharose 4B and inclubated at a room
temperature for 2 hours. The mixture was filtered by a
glass filter, the gel was dissolved in 40 ml of 1M-monoe-
thanolamine-cl (pH=28.36), and was incubated at a
room temperature for 2 hours. This solution was
washed with 0.1M-acetate buffer solution, (pH=4.0),
containing 0.5M-sodium chloride circulately, then
washed with 0.1M-borate buffer solution (pH=28.4),
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contintng 0.5M-sodium chloride in 4 times. By suspend-
ing in a physiological saline solution, there is obtained
an 1mmobilized product of human interferon-8 anti-
body-Sepharose 4B. From the fact that 35 ml of the
filtrated obtained from filtration by a glass filter shown
OD3250=0.004, it was confirmed that the most of the
antibody is immobilized on Sepharose 4B.

PREPARATIVE EXAMPLE 2

(a) 0.74 Milhiliter of Antibody B-I [obtained in Pre-
parative Example 19 of Preparation of antibody] was
dissolved in 2.26 ml of distilled water, then 3 ml of a
saturated ammonium sulfate aqueous solution was
added thereto and the mixture was allowed to stand at
4° C. for 3 hours. Then 3 ml of distilled water was added
to the said mixture, allowed to stand at 5° C. for 3 hours.
This mixture was subjected to a centrifugal separation
(3,500 rpm) at 4° C. for 15 minutes, the precipitate ob-
tained was dissolved in distilled water to obtain 8 ml of
an aqueous selutlon of the antlbedy (OD3go=1.154).
The solution of the antlbody was dialyzed with distilled
water in three times, and was further dialyzed with
0.1M-sodium bicarbonate aqueous solution, (pH=28.4)
containing 0.5M-sodium chloride, to obtain 7 ml of the
antibody aqueous solution (OD2g0=0. 921).

(b) 1 Gram of dried cyanogen bromide-activated
Sepharose 4B was washed with 200 ml of 1 mM-hydro-
chloric acid aqueous solution, then to this washed Se-
pharose 4B was added 30 ml of 0.1M-sodium bicarbon-
ate aqueous solution, containing 0.5M-sodium chloride,
and 7 ml of the above-mentioned dialyzed antibody
solution, then this mixture was incubated at a room
temperature for 2 hours. After the incubation, the mix-
ture was filtered by a glass filter, the gel obtained was
dissolved in 40 ml of 1M-monoethanolamine-cl
(pPH=9.36), and was incubated at a room temperature
for 2 hours. The solution was washed circulately with
0.1M-acetate buffer solution (pH=4.0), containing
0.5M-sodium chloride then washed with Q.1M-borate
buffer solution, containing 0.5M-sodium chloride in 4
times. By suspending in a physiological saline solution,
there is obtained an adsorbed product of human inter-
teron-B antibody being immobilized on Sepharose 4B.
From the fact that 35 ml of the filtrate obtained from °
filtration by a glass filter shown OD»g0=0.004, it was
confirmed that the most of the antibody is being immo-
bilized on Sepharose 4B.

PREPARATIVE EXAMPLE 3

(a) 0.74 Milliliter of Antibody B-1I [obtained in Pre-
parative Example 20 of Preparation of antibody] was
dissolved in 2.26 ml of distilled water, then 3 ml of a
saturated ammonium sulfate aqueous solution was
added thereto and the resulting mixture was allowed to
stand at 4° C. for 3 hours. Then 3 ml of distilled water
was added to the said mixture, and allowed to stand at
4° C. for 3 hours. The resulting mixture was subjected
to a centrifugal separation (3,500 rpm) at 4° C. for 15
minutes, the precipitate obtained was dissolved in dis-
tilled water to obtain 8 ml of an aqueous solution of the
antibody (OD3go=1.155). Next, the solution of the anti-
body was dialyzed with distilled water in three times
and was further dialyzed with 0.1M-sodium bicarbonate
aqueous solution (pH=8.4), containing 0.5M-sodium
chloride, to obtain 7 ml of the antibody aqueous solu-
tion (OD730=0.921).
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(b) 1 Gram of dried cyanogen bromide-activated
Sepharose 4B was washed with 200 m! of 1 mM-hydro-
chloric acid aqueous solution, then to the washed Se-
pharose 4B was added 30 ml of 0.1M-sodium bicarbon-
ate aqueous solution, containing 0.5M-sodium chloride,
and 7 ml of the above-mentioned dialyzed antibody
solution, then the resulting mixture was incubated at a
room temperature for 2 hours. After the incubation, the

mixture was filtered by a glass filter, the gel obtained
was dissolved in 40 m! of 1M-monoethanolamine-cl (pH
8.30), and was incubated at a room temperature for two
hours. This solution was washed circulately with
0.1M-acetate buffer solution (pH=4.0), containing
0.5M-sodium chloride next washed further with 0.1M-
borate buffer solution, containing 0.5M-sodium chloride
in 4 times. By suspending in a physiological saline solu-
tion, there is obtained an adsorbed product of human
interferon-g antibody being immobilized on Sepharose
4B. From the fact that 35 ml of the filtrate obtained
from filtration of the adsorbed product by a glass filter
shown OD»gp=0.004, it was confirmed that the most of
the antibody is being immobilized on Sepharose 4B.

PREPARATIVE EXAMPLE 4

(a) 0.74 Milliliter of Antibody B-III [obtained in Pre-
parative Example 21 of Preparation of antibody] was
dissolved in 2.26 ml of distilled water, then 3 ml of
saturated ammonium sulfate aqueous solution was
added thereto and the resulting mixture was allowed to
stand at 4° C. for 3 hours. Then 3 ml of distilled water
was added to said mixture, and allowed to stand at 4° C.
for 3 hours. The resulting mixture was subjected to a
centrifugal separation (3,500 rpm) at 4° C. for 15 min-
utes, the precipitate obtained was dissolved in distilled
water to obtain 8 ml of an aqueous solution of the anti-
body (OD3gp=1.156). Next, the solution of the antibody
was dialyzed with distilled water 3 times, and was fur-
ther dialyzed with 0.1M-sodium bicarbonate agueous
solution (pH=28.4), containing 0.5M-sodium chloride,
to obtain 7 ml of the antibody aqueous solution
(OD2gp=0.922).

(b) 1 Gram of dried cyanogen bromide-activated
Sepharose 4B was washed with 200 ml of 1 mM-hydro-
chloric acid aqueous solution, then to this washed Se-
pharose 4B was added 30 ml of 0.1M-sodium bicarbon-
ate aqueous solution, contianing 0.5M-sodium chloride,
and 7 ml of the above-mentioned dialyzed antibody
solution, then the resulting mixture was incubated at a
room temperature for 2 hours. After the incubation, the
mixture was filtered by a glass filter, the gel obtained
was dissolved in 40 ml of 1M-monoethanolamine-cl
(pPH=38.36), and was incubated at a room temperatxre
for 2 hours. This solution was washed circulately with
O.1M-acetate buffer solution (pH=4.0), contianing
0.5M-sodium chloride, next washed further with 0.1M-
borate buffer solution, containing 0.5M-sodium chloride
4 times. By suspending in a physiological saline solu-
tion, there is obtained an adsorbed product of human
interferon-B antibody being immobilized on Sepharose
4B. From the fact that 35 ml of the filtrate obtained
from filtration of the adsorbed product by a glass filter
shown OD7g0=0.004, it was confirmed that the most of
the antibody is being immobilized on Sepharose 4B.

PREPARATIVE EXAMPLE 5

(a) 0.74 Milliliter of Antibody B8-IV [obtained in Pre-
parative Example 22 of Preparation of antibody] was
dissolved in 2.26 ml of distilled water, then 3 ml of a
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saturated ammonium sulfate aqueous solution was
added the-eto and the resulting mixture was allowed to
stand at 4° C. for 3 hours. Then 3 ml of distilled water
was added to said mixture, and allowed to stand at 4° C.
for 3 hours. The resulting mixture was subjected to a
centritugal separation (3,500 rpm) at 4° C. for 15 min-
utes, the precipitate obtained was dissolved in distilled
water to obtain 8 ml of an aqueous solution of the anti-
body (OD33p=1.153). Next, the solution of the antibody
was dialyzed with distilled water 3 times, and was fur-
ther dialyzed with 0.1M-sodium bicarbonate aqueous
solution (pH=28.4), containing 0.5M-sodium chloride,
to obtain 7 ml of the antibody aqueous solution
(OD280=0.920).

(b) 1 Gram of dried cyanogen bromide-activated
Sepharose 4B was washed with 200 ml of 1-mM-hydro-
chloric acid aqueous solution, then to this washed Se-
pharose 4B was added 30 ml of 0.1M-sodium bicarbon-
ate aqueous solution, containing 0.5M-sodium chloride,
and 7 ml of the above-mentioned dialyzed antibody
solution, then the resulting mixture was incubated at a
room temperature for 2 hours. After the incubation, the
mixture was filtered by a glass filter, the gel obtained
was dissolved in 40 ml of 1M-monoethanolamine-cl
(pH=8.36), and was incubated at a room temperature
for 2 hours. This solution was washed circulately with
0.1M-acetate buffer solution (pH=4.0), containing
0.5M-sodium chloride, next washed further with 0.1 M-
borate buffer solution, containing 0.5M-sodium chloride
4 times. By suspending in a physiological saline solu-
tion, there was obtained an adsorbed product of human
interferon-B antibody being immobilized on Sepharose
4B. From the fact that, 35 ml of the filtrate obtained
from filtration of the adsorbed product by a glass filter
shown OD»g0=0.004, it was confirmed that the most of
the antibody is being immobilized on Sepharose 4B.

PREPARATIVE EXAMPLE 6

(a) 0.74 Milliliter of Antibody 8-V1I [obtained in Pre-
parative Example 24 of Preparation of antibody] was
dissolved in 2.26 ml of distilled water, then 3 ml of a
saturated ammonium sulfate aqueous solution was
added thereto and the resulting mixture was allowed to
stand at 4° C. for 3 hours. Then 3 ml of distilled water
was added to said mixture, and allowed to stand at 4° C.
for 3 hours. The resulting mixture was subjected to a
centrifugal separation (3,500 rpm) at 4° C. for 15 min-
utes, the precipitate obtained was dissolved in distilled
waster to obtain 8 ml of an aqueous solution of the
antibody (OD»gp=1.158). Next, the solution of the anti-
body was dialyzed with distilled water 3 times, and was
further dialyzed with 0.1M-sodium bicarbonate aqueous
solution (pH=28.4), containing 0.5M-sodium chloride,
to obtain 7 ml of the antibody aqueous solution
(0C280=0.924).

(b) 1 Gram of dried cyanogen bromide-activated
Sepharose 4B was washed with 200 ml of 1 mM-hydro-
chloric acid aqueous solution, then to this washed Se-
pharose 4B was added 30 ml of 0.1M-sodium bicarbon-
ate aqueous solution, containing 0.5M-sodium chloride,
and 7 ml of the above-mentioned dialyzes antibody
solution, then the resulting mixture was incubated at a
room temperature for 2 hours. After the incubation, the
mixture was filtered by a glass filter, the gel obtained
was dissolved in 40 ml of 1M-monoethanolamine-cl
(pH=38.36), and was incubated at a room temperature
for 2 hours. Then this solution was washed circulately
with 0.1M-acetate buffer solution (pH =4.0), containing
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0.5M-sodium chloride, next, washed further with 0.1M-
borate buffer solution, containing 0.5M-sodium chlo-

ride, 4 times. By suspending in a physiological saline

solution, there was obtained an adsorbed product of
human interferon-8 antibody being immobilized on
Sepharose 4B. From the fact that 35 ml of the filtrated
obtained from the filtration of the adsorbed product by
using a glass filter shown OD2g0=0.004, it was con-
firmed that the most of the antibody is being immobi-
lized on Sepharose 4B.

PREPARATIVE EXAMPLE 7

A piece of filter paper (Toyo Filter Paper No. 2,
manufactured by Toyo Filter Paper Co., Ltd.) was cut
into small pieces of papaer having 0.5 cm X 0.5 cm, and
weighed about 1 g of them. Said small pieces of filter
paper (cellulose) were put into 100 ml of an aqueous
solution containing 1 g of cyanogen bromide and kept
the pH of the mixture to about pH 11.0 to 11.5 by add-
ing a solution of sodium hydroxide to activate the cellu-
lose at a room temperature for 6 to 8 minutes. After
completion of the activation, the reaction mixture was
subjected to filtration to remove the reaction liquid, the
resulting solid matter was washed several times with
ice-cooled 0.5M-sodium bicarbonate buffer solution
(pH=28.4) containing 0.5M-sodium chloride, then the
washed solid matter was suspended in the same buffer
solution. To this suspension was added the antibody
aqueous solution (OD;30=0.918) obtained by a method
similar to that described in the above-mentioned Pre-
parative Example 1 (a), then the resulting mixture was
treated by a method similar to that described in the
above-mentioned Preparative Example 1 (b) to obtain
an adsorbed product of human interferon-8 being im-
mobilized on cellulose. From the fact that the filtrate
obtained through a glass filter show OD;g0=0.004, 1t
was confirmed that the most of the antibody 1s immobi-
lized on the celiulose.

PREPARATIVE EXAMPLE 8

I Gram of a crosslinked dextran (Sephadex G-23) was
suspended in 10 ml of water to prepare a crosslinked
dextran suspended aqueous suspension. To this suspen-
sion was added 10 ml of 2M-sodium bicarbonate aque-
ous solution and was stirred smoothly. Then the szirring
speed was increased and 500 microliters of an acetoni-
trile solution of cyanogen bromide (2 g/ml) was added
in one time and stirred vigorously for 1 to 2 minutes,
and the reaction mixture was filtered to remove the
reaction liquid through a glass filter. The solid matter
obtained was washed several times with 0.1M-sodium
bicarbonate buffer solution (pH 8.4), containing 0.5M-
sodium chloride. After washing, the solid material, was
suspended in the same buffer solution, and the antibody
aqueous solution (OD;g9=0.921) [obtained in Prepara-
tive Example 1 (a) as mentioned above] was added
thereto and was treated by a method similar to that
described in the above-mentioned Preparative Example
] (b) to obtain an adsorbed product of human interfer-
on-B being immobilized on crosslinked dextran. From
the fact that the filtrate obtained through a glass filter
show OD»go==0.004, it was confirmed that the most of
the antibody is immobilized on the crosslinked dextran.

PREPARATIVE EXAMPLE 9

1 Milliliter of Antibody 8-N-IV [obtained in Prepara-
tive Example 4 of Preparation of antibody] was dis-
solved in 2.0 ml of distilled water, then 3 ml of a satu-
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rated ammonium sulfate aqueous solution was added
thereto and the resulting mixture was allowed to stand
at 4° C. for 3 hours. Then 3 ml of distilled water was
added to said mixture, and allowed to stand at 4° C. for
3 hours. The resulting mixture was subjected to a cen-
trifugal separation (3,500 rpm) at 4° C. for 15 minutes,
the precipitate was dissolved in distilled water to obtan
10 ml of an aqueous solution of the antibody
(OD2gp=1.538). Next, said solution of the antibody was
dialyzed with distilled water 3 times, and was further
dialyzed with 0.1M-sodium bicarbonate aqueous solu-
tion {pH 8.4), containing 0.5M-sodium chloride, to ob-
tain 10 ml of the antibody aqueous solution
(OD32go=1.501). |

(b) 1 Gram of dried cyanogen bromide-activaied
Sepharose 4B was washed with 200 ml of 1 mM-hydro-
chloric acid aqueous solution, then to this washed Se-
pharose 4B was added 30 ml of 0.1M-sodium bicarbon-
ate aqueous solution, containing 0.5M-sodium chloride,
and 7 ml of the above-mentioned dialyzed antibody
solution, then the resulting mixture was incubated at a
room temperature for 2 hours. After the incubation, the
mixture was filtered by a glass filter, the gel obtained
was dissolved in 40 ml of 1M-monoethanolamine-cl
(pH=38.36), and was incubated at a room temperatxre
for 2 hours. This solution was washed circulately with
0.1M-acetate buffer solution (pH=4.0), containing
0.5M-sodium chloride, next was washed further 4 times
with 0.1M-borate buffer solution, containing 0.5M-
sodium chloride. By suspending in a physiological sa-
line solution, there was obtained an adsorbed product of
human interferon-a antibody being immobilized on
Sepharose 4B. From the fact that 35 ml of the filtrate
obtained from filtration of the adsorbed product by a
glass filter shown OD;g0=0.004, it was confirmed that
the most of the antibody was being immobilized on
Sepharose 4B.

PREPARATIVE EXAMPLE 10

By using Antibody a-N-I, to a-N-III and Antibody
a-N-V to Antibody a-N-X [obtained in Preparative
Examples 1 to 3 and 5 to 10 of Preparation of antibody]
in place of Antibody a-N-1V as used in the above-men-
tioned Preparative Example 9, by using a method simi-
lar to that described in Preparative Example 9, respec-
tively, the following antibody aqueous solutions were
obtained:

Antibody aqueous Antibody
solution used OD23go

A a-N-1 £.501
B a-N-11 1.522
C a-N-III 1.512
D a-N-V 1.532
E a-N-VI £.515
F a-N-VII £.526
G a-N-VIII 1.513
H a-N-1X 1.527
I a-N-X 1.521

(b) By using each of the antibody aqueous solutions
obtained in the above-mentioned step (a), and by using
a method similar to that described in the above-men-
tioned Preparative Example 9-(b), corresponding ad-
sorbed products of human interferon-8 being immobi-
lized on Sepharose 4B were obtained respectively.
From the facts that each of the filtrates obtained from
filtrations through glass filter shown about
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OD»o=0.004, it was confirmed that the most of the

antibodies in the respective products were being immo-
bilized on Sepharose 4B.

PREPARATIVE EXAMPLE 11

A piece of filter paper (Toyo Filter Paper No. 2,
manufactured by Toyo Filter Paper Co., Ltd.) was cut
into small pieces of paper having the size of 0.5 cm X 0.5
cm, and was weighed about 1 g of them. Said small

pieces of filter paper (cellulose) were put into 100 ml of 10

an aqueous solution containing 1 g of cyanogen bromide
and kept the pH of the mixture to about pH 11.0to 11.5
by adding a solution of sodium hydroxide, followed by
activated the cellulose at a room temperature for 6 to 8
minutes. After completion of the activation, the reac-
tion mixture was subjected to filtration to remove the
reaction liquid. The resulting solid matter was washed
several times with ice-cooled 0.5M-sodium bicarbonate
buffer solution (pH=8.4), containing 0.5M-sodium
chloride, then the washed solid matter was suspended in
the same buffer solution. To this suspension was added
the antibody aqueous solution (OD3gp=1.502) obtained
by a method similar to that described in the above-men-
tioned Preparative Example 9 (a), then the resulting
mixture was treated by a method similar to that de-

15

20

25

scribed in the above-mentioned Preparative Example 9

(b) to obtain an adsorbed product of the human interfer-
on-a antibody being immobilized on the cellulose.
From the fact that the filtrate obtained from the filtra-
tion of the adsorbed product by using a glass filter show
OD»30=0.004, it was confirmed that the most of the
antibody is being immobilized on the cellulose.

PREPARATIVE EXAMPLE 12

1 Gram of a crosslinked dextran (Sephadex G-235) was
suspended in 10 ml of water to prepare a cro crosslinked
dextran suspended aqueous suspension. To this suspen-
sion was added 10 ml of 2M-sodium bicarbonate aque-
ous solution and was stirred smoothly. Then the stirring
speed was increased and 500 microliters of an acetoni-
trile solution of cyanogen bromide (2 g/ml) was added
in one time and stirred vigorously for 1 to 2 minutes,
and the reaction mixture was filtrated to remove the
reaction liquid through a glass filter. The solid matter
obtained was washed several time with 0.1M-sodium
bicarbonate buffer solution (pH=38.4), containing 0.5M-
sodium chloride. After washing, the solid matter was
suspended in the same buffer solution, and the antibody
aqueous solution (OCyg0=1.511) [obtained in Prepara-
tive Example 9 (a) as mentioned above] was added
thereto and was treated by a method similar to that
described in the above-mentioned Preparative Example
9 (b) to obtain an adsorbed product of human interfer-
on-a antibody being immobilized on the crosslinked
dextran. From the fact that the filtrate obtained from
the filtration of the adsorbed product by using a glass
filter shows OD2g0o=0.004, it was confirmed that the

most of the antibody is being immobilized on the cellu-
lose.

PREPARATIVE EXAMPLE 13

(a) 1.0 Milliliter of Antibody a-C-VIII [obtained in
Preparative Example 17 of Preparation of antibody]
was dissolved in 2.0 ml of distilled water, then 3 ml of a
saturated ammonium sulfate aqueous solution was
added thereto and the resulting mixture was allowed to
stand at 4° C. for 3 hours. Then 3 m! of distilled water
was added to satd mixture, and was allowed to stand at
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4° C. for 3 hours. The resulting mixture was subjected
to a centrifugal separation (3,500 rpm) at 4° C. for 15
minutes, the precipitate obtained was dissolved in dis-
tilled water to obtain 10 ml of the antibody aqueous
solutio-(OD250=1.526). Next, the solution of the anti-
body was dialyzed 3 times with distilled water, and was
further dialyzed with 0.1M-sodium bicarbonate aqueous
solution (pH=2_8.4), containing 0.5M-sodium chloride,
to obtain 10 ml of the antibody aqueous solution
(OD3yg0=1.511).

(b) 1 Gram of dried cyanogen bromide-activated
Sephrose 4B was washed with 200 ml of 1 mM-hydro-
chloric acid, then to this washed Sepharose 4B was
added 30 ml of 0.1M-sodium bicarbonate aqueous solu-
tion, containing 0.5M-sodium chloride, and 7 ml of the
above-mentioned dialyzed antibody solution, then the
resulting mixture was incubated at a room temperature
for 2 hours. After the incubation, the mixture was fil-
tered by a glass filter, the gel obtained was dissolved 1n
40 ml of 1M-monoethanolamine-CL (pH=8.36), and
was incubated at a room temperature for 2 hours. This
solution was washed circulately with 0.1M-acetate
buffer solution {(pH=4.0), containing 0.5M-sodium
chloride, next was washed further with 0.1M-borate
buffer solution, containing 0.5M-sodium chloride. By
suspending in a physiological saline solution, there was
obtained an adsorbed product of human interferon-a
antibody being immobilized on Sepharose 4B. From the
fact that 35 ml of the filtrate obtained from the filtration
of the adsorbed product by a glass filter shown
OD130=0.004, it was confirmed that the most of the
antibody was being immobized on Sepharose 4B.

PREPARATIVE EXAMPLE 14

(a) By using Antibody a-C-I to Antibody a-C-VIl
and Antibody a-C-IX to Antibody a-C-XIII [obtained
in Preparative Examples 11 to 18 of Preparation of
antibody] in place of using Antibody a-C-VIII as used
in the above-mentioned Preparative Example 13, re-

spectively, the following antibody aqueous solutions
were obtained:

Antibody aqueous Antibody
solution used ODn2go
J a-C-II1 1.511
K a-C-1 1.502
L a-C-I1 1.512
M a-C-1V 1.506
N a-C-V 1.513
O a-C-V1 1.507
P a-C-VII 1.513
Q a-C-IX 1.502
R a-C-X 1.501
S a-C-XI 1.509
T a-C-X1I 1.507
U a-C-XIII 1.506

(b) By using each of the antibody aqueous solutions
obtained in the above-mentioned step (a), and by using
a method similar to that described in the above-men-
tioned Preparative Example 13-(b), corresponding ad-
sorbed products of human interferon-o being immobi-
lized on Sepharose 4B were obtained respectively.
From the facts that each of the filtrates obtained from
the filtrations through glass filter show about
OD230=0.004, it was confirmed that the most of the
antibodies in the respective products were being immo-
bilized on Sepharose 4B.
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PREPARATIVE EXAMPLE 15

A piece of filter paper (Toyo Filter Paper No. 2,
manufactured by Toyo Filter Paper Co., Ltd.) as cut

into small pieces of paper having the size of 0.5cm X 0.5

cm, and was weighed about 1 g of them. Said small
pieces of filter paper (cellulose) were put into 100 ml of
an aqueous solutoin containing 1 g of cyanogen bromide
and kept the pH of the mixture to about pH 11.0 to 11.5
by adding a solution of sodium hydroxide, to activate
the cellulose at a room temperature for 6 to 8 minutes.
After completion of the activation, the reaction mixture
was filtrated to remove the reaction liquid, the resulting
solid metter was washed several times with ice-cooled
0.OM-sodium bicarbonate buffer solution (pH=8.4),
containing 0.5M-sodium chloride, then the washed solid
matter was suspended in the same buffer solution. To
this suspension was added the antibody aqueous solu-
tion (OD2g0=1.502) [obtained by a method similar to

that described in the above-mentioned Preparative Ex-
ample 13-(a)] then the resulting mixture was treated by.

a method similar to that described in the above-men-
tioned Preparative Example 13 (b) to obtain an ad-
sorbed product of the human interferon-a antibody
being immobilized on the cellulose. From the fact that

the filtrate obtained from the filtration of the adsorbed

product by using a glass filter shown OD3g0=0.004, it
was confirmed that the most of the antibody is belng
immobilized on the cellulose |

~ PREPARATIVE EXAMPLE 16

1 Gram of a crosslinked dextran (Sephadex G-25) was
suspended in 10 ml of water to prepare a crosslinked

dextran suspended ageuous suspension. To this suspen-
sion was added 10 ml of 2M-sodium bicarbonate aque-
ous solution and was stirred smoothly. Then the stirring

speed was increased and 500 microliters of an acetoni-

trile solution of cyanogen bromide (2 g/ml) was added
in one time and stirred vigorously for 1 to 2 minutes,
and the reaction mixture was filtrated to remove the

- obtained was washed several times with 0.1M-sodium
- bicarbonate buffer solution (pH-8.4), containing 0.5M-
sodium chloride. After washing, the solid matter was
suspended in the same buffer solution, and the antibody
aqueous solution (OD3g0=1.505) [obtained by a method
similar to that in Preparative Example 13 (a) as men-
tioned above] was added thereto and was treated by a
method similar to that described in the above-men-
tioned Preparative Example 13 (b) to obtain an ad-
sorbed product of human interferon-a antibody being
immobilized on the crosslinked dextran. From the fact
that the filtrate -obtained from the filtration of the ad-
sorbed product by wusing a glass filter shows
OD>50=0.004, it was confirmed that the most of the

antibody is being immobilized on the crosslinked dex-
{ran.

[Purification of human interferons]

(1) 0.5 Milliliter (5.9 mg of proteins) of human inter-
feron-8 (OD2go=11.8, prepared by Tokyo Metropoli-
tan Institute of Medical Science) was dissolved in physi-
ological saline solution, then this solution was filled in
an affinity chromatography using the adsorbed product
of human interferon- antibody immobilized on Se-
pharose 4B [obtained in Preparative Example 1 (b) of
Preparation of immobilized antibodies], and was eluted
with 0.1M-phosphate buffer solution (pH=7.4), con-
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taining 0.15M-sodium chloride. When the eluate be-
come ODD;30=0.0002 the absorbed product was eluted
with 0.5M-acetic acid buffer solution (pH=2.5), con-
taining 0.5M-sodium chloride to isolate the purified
human interferon-8 from the adsorbed product.
Before the treatment by affinity chromatography, the
human interferon-8 shows the converted OD va-
lue=5.9 [a value obtained at 1 mg of proteins when
OD3g0=1], and also shows activity of 1.5 X 106 Unit/ml,
the concentration of 13,240 pg/ml, in immunity reaction
of human interferon-8, on the contrary after the treat-
ment by affinity chromatography, the converted OD
value of the human interferon-8 was 0.059, and also
shown the activity of 1.37 X 106 Unit/ml and the con-
centration of 12,050 pg/ml in immunity reaction of
human interferon-8. Therefore, the specific activity
before the treatment by affinity chromatography was
2.54 X 10° Unit/mg, while the specific activity after the
treatment by affinity chromatography was 2.32% 107
Unit/mg, which is a significant value of 91.3 times in the
specific activity. As can be seen from the results ob-

‘tained by using the adsorbed product (mmobilized anti-

body on the carrier) human interferon-8 can be purified

- as 91 times purity as possible and a yleld thereof can be

also achieved quantitatively.

By using each of the immobilized antibodies [ob-
tained in Preparative Examples 2 to 8 of Preparation of
immobilized antibody], according to the present inven-
tion, excellent performances in isolating and purifica-
tion of human interferons were shown through the
treatment by affinity chromatography.

~(2) 0.5 Milliliter (10.1 mg of proteins) of human inter-
feron-a (OD3g0p=20.2, prepared by Hayashibara Bio-
chemical Research Laboratory) was dissolved in physi-
ological saline solution, then this solution was filled in
an affinity chromatography using the adsorbed product
of human interferon-a antibody immobilized on Se-
pharose 4B [obtained in Preparative Example 9 (b) of
Preparation of immobilized antibodies], and was eluted
with 0.1-phosphate buffer solution (pH="7.4), contain-
ing 0.15M-sodium chloride. When the eluate become
0OD»,55=0.002 or lower, then the adsorbed product was
eluted with 0.5M-acetic acid buffer solution (pH=2.5),
containing 0.5M-sodium chloride to isolate the purlfied
human interferon-a from the adsorbed product.

Before the treatment by using the affinity chromatog-
raphy, the human interferon-a shows the converted OD
value=10.1 [a value obtained at 1 mg of proteins when
ODjg0=1], and also shows the activity of 1X 106
Unit/ml and the concentration of 6900 pg/ml, in an
immunity reaction of human interferon-a, on the con-

“trary after the treatment by using the affinity chroma-

tography, the converted OD value of the human inter-
feron-a was 0.080, and also shown the activity of
8 X 10° Unit/ml and the concentration of 55,000 pg/ml
in iImmunity reaction of human interferon-a. Therefore,
the specific activity before the treatment by using affin-
ity chromatography was 5.9 X 10% Unit/mg, while the
specific activity after the treatment by using affinity
chromatography was 1X 107 Unit/mg, which is a signif-
icant value of 169 times in the specific activity. As can
be seen from the results obtained by using the adsorbed
product (immobilized antibody on the carrier) human
interferon-a can be purified as 169 times purity as possi-
ble and the yield thereof can be also achleved quantlta-
tively.

By using each of the immobilized antibodies obtained
in Preparative Examples 10 to 12 of Preparation of
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immobilized antibodym according to the present inven-
tion, excellent performances in isolating and purifica-
tion of human interferons were shown through the
treatment by affinity chromatography.

(3) 0.5 Molliliter (10.1 mg of proteins) of human inter-
feron-a (OD323p=20.2, prepared by National Institute of
Health) was dissolved in physiological saline solution,
then this solution was filled in an affinity chromatogra-
phy using the adsorbed product of human interferon-a
antibody immobilized on Sepharose 4B [obtained in
Preparative Example 13 (b) of Preparation of immobi-
lized antibodies], and was eluted with 0.1M-phosphate
buffer solution (pH=7.4), containing 0.15M-sodium
chloride. When the eluate become ODj33=0.002 or
lower, then the adsorbed product was eluted with
0.5M-acetic acid buffer solution (pH=2.5), containing
0.OM-sodium chloride to isolate the purified human
interferon-a from the adsorbed product.

Before the treatment by using the affinity chromatog-
raphy, the human interferon-a shows the converted OD
value=10.1 [a value obtained at 1 mg of proteins when
OD32gp=1), and also shows activity of x X 106 Unit/ml
and the concentration of 23,000 pg/ml in an immunity
reaction of human interferon-a, on the contrary after
the treatment by using the affinity chromatography, the
converted OD value of the human interferon-a was
OD=0.060, and also shows the activity of 8.2x 10>
Unit/ml and the concentration of in an immunity reac-
tion of human mterferon-a ‘Therefore, the specific ac-
tivity before the treatment by using an affinity chroma-
tography was 9.9 X 104 Unit/mg, while the specific ac-
tivity after the treatment by using the affinity chroma-
tography was 1.37X 107 Unit/mg, which is a significant
value of 138 times higher in the specific activity. As can
be seen from the results obtained by using the adsorbed
product (mmobilized antibody on the carrier) human
interferon-a can be purified as 138 times higher purity
as possible and the yield there of a can also be achieved
quantitatively.

By using each of the immobilized antibodies obtained
In Preparative Examples 14 to 16 of Preparatlon of
immobilized antibody, accordlng to the present inven-
tion, excellent performances in isolating and purifica-
tion of human interferons were shown through the
treatment by using the affinity chromatography.

What is claimed is:

1. A human interferon antlbody obtained by collect-
ing an antibody being produced in a mammalian body
after administering, to the mammal, a human interferon
antigen prepared by reacting a human interferon-related
peptide selected from the group consisting of a peptide
represented by the formula:

R!-Leu-lle-Leu-Leu-Ala-Gin-OH ()
wherein R! is selected from the group consisting of a
hydrogen atom and group of the formula H-Thr-His-
Ser-Leu-Gly-Asn-Arg-Arg-Ala-; a peptide represented
by the formula:

R2.Glu-Ser-Leu-Arg-Ser-Lys-Glu-OH )
wherein R2 is selected from the group consisting of a
hydrogen atom, a group of the formula H-Thr-Asn-
Leu-Gln-, a group of the formula H-Ser-Leu-Ser-Thr-
Asn-Leu-Gln- and a group of the formula H-Thr-Ser-

Leu-Ser-Thr-Asn-Leu-Gln-; and a peptide represented
by the formula:

R
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R3-Leu-Gln-Arg-Ser-Ser-OH (3)
wherein R3 is selected from the group consisting of a
hydrogen atom, a group of the formula H-Phe-, a group
of the formula H-Leu-Gly-Phe- and a group of the
formula H-Tyr—Asn-Leu-Leu—Gly-Phe- as a hapten,
with a carrier in the presence of a hapten-carrier bind-
ing agent.

2. The human interferon antibody according to claim
1, wherein the human interferon antigen is prepared by
reacting a human interferon-related peptide of the gen-
eral formula (1), as a hapten, with a carrier in the pres-
ence of a hapten-carrier binding agent.

3. The human interferon antibody accordmg to claim
1, wherein the human interferon antigen is prepared by
reacting a human interferon-related peptlde of the gen-
eral formula (2), as a hapten, with a carrier in the pres-
ence of a hapten-carrier binding agent.

4. The human interferon antibody according to claim
1, wherein the human interferon antigen is prepared by
reacting a human interferon-related peptide represented
by the general formula (3), as a hapten, with a carrier in
the presence of a hapten-carrier binding agent.

5. The human interferon antibody according to claim
2, 3 or 4, wherein the human interferon antigen is pre-
pared by using a carrier selected from the group consist-
ing of an animal serum albumin, an animal serum globu-
lin, an animal thyroglobulin, an animal hemoglobulin,
an animal hemocyanin, an ascars-extract, a polylysine, a
polyglutamic acid, a lysineglutamic acid copolymer, a
lysine-containing copolymer and an ornithine-contain-
ing copolymer, and a hapten-carrier binding agent is a
carrier selected from the group consisting of an ali-
a dimaleimide compound, a
maleimidecarboxyl-N-hydroxysuccinimideester com-
pound and carbodiimide.

6. The human interferon antibody according to claim
5, wherein the animal is a mammal selected from the
group consisting of a rabbit and a guinea pig.

7. The human interferon antibody according to claim
6, wherein the human interferon antibody being pro-
duced in a mammal body is obtained by administering to
the mammal, a human interferon antigen by mixing with
a Freund’s adjuvant.

8. The human interferon antibody according to claim
7, wherein the human interferon antibody being pro-
duced in a mammal body is obtained by admmlstermg to
a rabbit, a human interferon antigen prepared by using
a peptide represented by the general formula,

H-Ser-Leu-Ser-Thr-Asn-Leu-Gln-Glu-Ser-Leu-Arg-
Ser-Lys-Glu-OH

as the hapten; glutaraldehyde as the hapten-carrier
binding agent; and BSA as the carrier.

9. The human interferon antibody according to claim
7, wherein the human interferon antibody being pro-
duced in a mammal body is obtained by admmlstermg to
a rabbit, a human interferon antigen prepared by using
a peptide represented by the general formula,

H-Ser-Leu-Ser-Thr-Asn-Leu-Gin-Glu-Ser-Leu-Arg-
Ser-lys-Glu-OH

as the hapten; DCC as the hapten-carrier binding agent;
and BSA as the carrier.

10. A process for preparing a human interferon anti-
body by collecting an antibody being produced in a
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mammalian body by administering, to the mammal, a
human interferon antigen prepared by reacting a human
interferon-derived peptide selected from the group con-
sisting of a peptide represented by the formula:

R!-Leu-Hle-Leu-Leu-Ala-Gln-OH (1)

wherein R! is selected from the group consisting of a
hydrogen atom and group of the formula H-Thr-His-
Ser-Leu-Gly-Asn-Arg-Arg-Ala-; a peptide represented
by the formula:

R2-Glu-Ser-Leu-Arg-Ser-Lys-Glu-OH (2)

>

10

Leu-Gln-, a group of the formula H-Ser-Leu-Ser-Thr-
Asn-Leu-GIn- and a group of the formula H-Thr-Ser-
Leu-Ser-Thr-Asn-Leu-Gin-; and a peptide represented
by the formula:

R3-Leu-Gln-Arg-Ser-Ser-OH | | 3)

wherein R3 is selected from the group consisting of a
hydrogen atom, a group of the formula H-Phe-, a group
of the formula H-Leu-Gly-Phe- and a group of the
formula H-Tyr-Asn-Leu-Leu-Gly-Phe-, as a hapten,

with a carrier in the presence of a hapten-carrier bind-

wherein R2 is selected from the group consisting of a 5 ing agent.

hydrogen atom, a group of the formula H-Thr-Asn-
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